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GENERAL JNTE/>*DUCTIptt TO TILE SERIES. 


During tfie past few years thdcivilislll world lias begin to realise the 
advantages accruing to scientific rftfl arch, with the result tligt :«> evy- 
inflngising anioi^jt of ting* ancf thought is being devoted to .various 
branches of science. * 

Na study has progrt'ssed more rapidly than chemistry* This 
' science may Be divided roughly into several branches : namely. Organic, 
Physical, Inptganic, and Analytical Chemistry. It js impossibic to 
write *any singje text-bjtok wMch shall contain within its twoRovers a 
thorough treatment of any one of these branches, owing to the vast 
%mounj of infornKitioy that hiss been accumulated. The need is rather 
for a series of text-books dealing more Sir less comprehensively with, 
each .branch «f chemistry. This has already been attempted by 
enterprising firms, so far as physical and analytical chemistry are 
concerned ; and tlpe present series j.s designed to meet tlft needs of 
inorganic chemists. One great advantage of this procedure lies in 
the fact that our knowledge of the different sections of science docs qpt 
progress at the same rati'. Consequently, as soon as any particular 
pajt advances out of proportion to others, yia volume (baling witjj 
that section may be easily revised or rewritten a* occasion reqjifces. 

Some method of classifying.the eliynents kg treatfnent in th%way 
.is clearly essential, and we have adopted the Period ^Classification 
with slight alterations, devoting a whole volume to the' consideration 
of the elements in each vertical column, as wiil*be*;vi<ienfrfrom a.glunce 
at the scheme Iff the Frontispiece. . * ,J * ’ 

In the first volume, in addition to at detailed account, of the Elements 
of Croup 0, the general principles of InoTganic (^hemisiry are discussed. 
Particular pains hgve been taken *in the selection of material for this 
volitme, and an attempt has been made*to present to the reader a 
clear accoiuit of the* principles upol? which our knowledge of inpdew 
Inorganic Cheipistry.is based. , • * * J ’, 

At the cutset it may.be well to exjrtairq 4hhl it was not intended 
to write a complete teSt-book qf, J^hysitni Chemistry., Numerous 
excellent work% diave already been devoted to this subject, and a > 

, volume oil sach lines wopfd sqahcely serve^ as A. .suitable introduction ’ 
to this scries. Whilst. Physical Chemistry deals’ wit^i the general 
principles applied to all branches of theoretical chemistry, our aim ’ 
has b«n Jo emphasise their application to Inorganic Chemistry, with 
which branch of the subject this series of text-books is exclusively 
concerned. To this o end practically all the illustrations to the laws 
and principles discussed in Volume I dear With irftrganic substances. 

AgtliiV there are many subjects, such as the methods employed in 
the accurate determination’of atpmic weights, winch are not generally 
regarded as formijg part of Physical Chemistry. YeJ these are ^ub- 
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jects of supjjpftie importandc to the student of Inorganic Qiemistry 
and are accWingly incltmell in the Introduction. * • 

* Hydrogen and the amrrfojiium Salts are dealt with in* Volume II, 
'along with the Elements dt Group I. The position o£the rare earth 
metuts in the Periodic Classifiqpjjion has far mafiy years -b^;n a source 
of dilliculty. They have all bcai included jn Vohmie IV, along jvitk 
ftic Elements of Group III, %s this was found to be the most suitable 
place for them. . . * * 

Many alloys and competmds* have an cfjnal glfim to be considered 
in two or more yolumos of this series, but this woulfl en&il unnecessary 
duplication. For example, allnyssof copper and tin might* be dealt 
with i* fSolumos II and V resp*ftiv»ly. Similarly, certain doubt" 
salts—such, for example, as ferrous ammofljnm sulpjjgte—might^uA-y 
logically be included in Volume II under ummenittfn, and in Volume IX 
undermon. As a general rule this difficulty has been overcame by 
treating complex substances, containing two or more metals or bases, " 
in that volume stealing with* the metal r>r base which fx^longs to the 
highest group oi the Periodic Tablf. I'Vft exantyle, the iiUpys of copper 
and tin are di'tailed in Volume, V along with tin, since copper occurs 
earlier, namely, in Volume II. Similarly, ferrou^ anSnonium sulphate* 
.is discussed in* Volume IX dndor iron, and not under agimomum in 
Volume II. The ferro-cyanides are Kkewise dealt within Volunu- IX. 

lint even with this arrangement it has not always been found easy 
to adopt 11 perfectly logical line.of treatment.. Upr example, in the 
chromates aifd permanganates tiie chromium and manganese function 
a* part of the acid radicles and are analogous to sulphur and chlorine 
in sulphates and perchlorates ; so that they should be treated in the 
yolume deifiing with ih<j metal acting base, namely, in the ease.of 
potas^pn permanganate, uyder potassium in Volume II. But the 
alkali permanganates possess speh elose analogies with one another 
that- separate treatment of these salts hardly seems desirable. They, 
are therefore consideredjn Volume VIII, 

Numerous other httic‘irregularities of a like nature occur, but it is 
hoped that, bjjpiennsof carefully compiled indexes an^frequent cross- 
referencing in lju: texts of the separate volumes, the student will 
experience no difficulty in finding the information ho requires. * 

. Particular care lias been taken Vith the sections*dealing with the 
atomic weights of the elements iiiqucstion. The figures given are*not 
llecjstarilv those to be, found in flic original memoirs, but have been 
recalculated, except *vherc‘ otherwise, stated, using, the Mowing 
fundamental values: ‘ • . * 

» < .*» * 

. Itydrogen* *= 1-OOfM.* * Oxygen = *16-000. 

Sijfiium F ^2-990. . Sulphur =*«2 0<y5. 

Potassiunj = 39-100.* * Fluftrine = 19-015. 

Silvef = 107-880. , , Chloriife. = 85-457. 

Caroon = 12-008. Bromine == 78-916. 

• Nitrogen =- 14-008. \ ’Iodine =126-92*. 

By adopting this method it is easy to compare dir«ctly*the results of 
earner investiggltois ffcith tljBse of more recent (fate, antj moreover it 
renders the data for the different elements strictly*coinbarable through¬ 
out the whole series.* ( * * * 

£ ur aim Jia^not been to tnake the volumes absolutely exhaustive, 
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as this woi^Id render them unnecessarily bulky and expvftsivc; rather 
has it been to*contribute concise and suggtsflve accounts/)! the various 
topics, ancf to append numerous referees to the leading works an<^ 
.memoirs dealirtg*witn # thc same. Every effort has l>ccn made to render , 
tbt'se references accurate dhd reliable,^and it is hoped that tlieV will 
}>rc*)e a useful feature?>f the series. ’#he more important abbreviations, 
which are substantially th* same as those adopted by the Chemical 
Society are detailed nPthqpsubjoincd lists, no. \\ to *xv. * 

• Jn order ^iat series shall attai^ the maximum utility, it is • 
necessary to arrange for a crytain amount of uniformity throughout, 
and this involves the suppressio%jit*the personality of the individual 
hyithor to a corresponding cxftyit for the sake of the coninflm*welfare. 
If» at once iWy dyty atld my pleasure to express my sineefc appre¬ 
ciation of the kind and^reafiy manner in which the authors J^pve ac- 
comrtlodatci themselves to this task, which, without their hearty 
co-operation*could never have been successful, finally, I wish to 
acknowledge the unfixing cfyirtesy. of flic publisher?, Messrs, (tiarlcs 
Griffin and (it., who have done everything in their power to render the 
work straight forward and easy. • 

* - J. NE\Vi,ON lit I END 

March I !)'•?! 




PREFACE. 

' » ■« ' • • • 

The position odfcupiSd by iron amongst the elements is unique. Indeed, 
it is not t«o niueh to say that, tvitlnuf abundant suppAes of this ijictal, 
c^ilisation as we know it to-(}>iy Votild not be possible. a • # 

»Ovvi iuj to the jmpnrt.aii<y*of irfm and Uie enormous amount nitres earth 
thatnas been earned out^upen it and upon its eompounds, it was felt 
that tlje subject deserved a separate book in this series, andfhis has 
alreadyAecn mentioned in the Preface to Part 1. oJMhis volume, Part II. 
was accordingly assigned to if. As the .work progressed, howewrr, it 
becnnA cvidenj that tfk- amoTtnt of •mat ter requiring treatment could 
not be elfuycittly condensed into a single book, and it has therefore 
been du'idcil to%gniu subdivide this volume, namely into Purls II. 
and IIU—tl^ former to deal with tin* ('Ministry of IroTi and its t'onq 
pound#, and the latter to be debited to a study of the Metallurgical 
Chemistry of Iron. Only in this way did it. appear possible for iron to 
receive the detailedfind careful Ircatpicnt it so well dcscrvA. 

The literature relating to iron is extraordinarily \olmhinous, but it 
is believed that the references given in t he text are reasonably complete. 
In almost every ease the original memoirs have been consulted, and 
although it is too much to hopiythat the refereikeij, are entirely free fror» 
error, it is believed that any such errors ,will be relatively few Mud of 
minor importance. ' > , 

, The addition of the Table of Dales nj lame uf Journals { pp. xviii-xxv) 
will, it is hoped, enhance the value of this volujne. Il is helievSd that, 
the list is perfectly correct, as all the tigurcs lgwe ticeii checked ngajnst. 
the volumes on ‘Ihc shelves of the Library of the t'heiu'Ical Sociiuy by 
Mr F. W. Clifford and his Staff. ’ . 

,J the Author desires to express his sincere tiianks 'll) Mr H. F. V. 
Little, li.Se., D.I.C*, who vyrotc tile section on the Atomic Weight,of 
Iron; to Mr R. II. ValVipcc, li.Se., A.I A., who has carefully rend 
through thej whole of the work in proof; to JJr C. Lloyd and, his’ 
Staff at fhe Irtni and Steel Institute; and paificularly to Mr I. W. 
Clifford and.his Staff afc the Library of,,the’ ^’liemicaj Society for their 
generous assistance. * *, ’ * 

. , , ■ J. N. K. ' 

March 1921. 
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VOL. iX. .I’ART II. 
IRON AM) ll'S COMPOUNDS. 


CHAPTER It 

"’the early history of iron. 

liU-. ini|Xn ta^it part played by iron in fhe development of modern 
eivilisatjon renders a study of the history of this metal one of peculiar * 
interest. In whichever direction we turn we are confronted by articles 
ol iron, large and siiAli, essential anc^ornamental. It is irofi in sonic 
form or other that constitutes the framework both of our railways und 
of our mercantile marine. Without these rapid means of transput* 
*he huge populations of London and our larger cities could not be fed 
and supplied with the necessaries of civilised lifp as we know it to-day 
Again? reinforced concrete, 1 the building material of the future, owes' 
what strength and adaptability it possessed almost entirely to its iron 
ftamc, and as our supplies of building‘stone bef'ome depleted we shall 
be wiveil to placing increased, reliance upon this material. Of dll*|fie . 
metals known to # science, iron take* the foremost .pluft? hi ’the service 
of man. Indeed, the wonderful progress that has* becif made during 
‘ the last hundred years would not hifve been possible* had not tile 
9 earti possessed an abundant supply of irot^or its ores. . 
s At the dawn ofrflie human ciaSnau would seize upon any stones 
branches, oiyither hard materials lyiii^at hand for purposes of offence’ 
defence, or the chase. Lafer on it would occur to him to improve* 
upon the diatiyi* shapes by chipping, and Ife wflqld %oon discover^fW 
flint is particularly amem^le to such treatment! Thus would originate 
the flint, weapofft and tflols whielj lyive ftceiy discovered in large 
quantities in modern times, Jmd which antiquaries have made uSe of to 
throw interesting light upon thuWnmir' in,rihiA.primftive man lived 
during what has been ujatly termed the Stone Age. • 

In all probability during his sfareh for suitable stones early man * 
occasioiMy, stumbled across igeteyrie iron. Finding that it did not 
crack on being hammered, 2 that it possessed great tenacity and 

* • f# 

1 See Friend, Trans. Concrete Inst., 1917-18, 9 . 0 « 

* T * 1 * 5 ij^rcauion Aaredby many writers, namely^tbat meteortc *011 is usually brittlo 
and •nworlable in the cold, appear to be erroneous (Zimmer, J. Iron Mteel Inst., 1910 
41.. 306). # • • 
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admitted of being rubbed to a fine’hartJ cdg8, he wotild prepare from 
it his itwk valued weapon^, t \ - • . 

This does not constitute the begjhning of what antiquaries term the 
Iroti Age, for man at* thi^ periofl Aid not recognise ahy relationship 
between mctalliQ*iron and the red or brown t^inhv haematites arornjd 
lie regarded the iron merely as %. particularly»nseful but un¬ 
fortunately rare kind of stone, and not as a* substance that he could 
•manufacture for himself. • , 

Intcrestinftsqlc-lights on the customs of prehistoric man afforded 
by the behaviour of his ftnJderh representative# in uncivilised countriffc. 
Thus lloss ii| his Arctic explorations in 1818 came across certain« 
Eskimos who carried knives dbijsystihg of blades of meteoric iron set» 
Alto time handles. 1 The pieces of njotal had been detached with^gfeat 
labour from the softest of tkree masses Sf metal of meteoric origin at 
Melville Bay, and had then been cold rrorlwd with stone hammers. 

It' has been urged that meteoric iroif is too scarce to Jtavc ever 
been used to any appreciable extent by prehistoric man. This is hardly 
the case, howeVer, for some 440 Jons of/he metal are knwwn toascience, 1 
and in prehistoric times meteoric iron would be evqp more plentiful 
than now inasmuch as thq accumulations derived front meteoric 
showers of the previous ages could Is.' drawn ujton. As Ihc metal, 
owing to its fiickcl content, is 'usually highly resistant tr> corrosion, it 
would not decay so rapidly by exposure as the ordinary manufactured 
metal. , f 

Ages elapsed before man disfavored that certain “ stones,” on being 
heated in if lire, yielded a new “ stone ” capable of being hammered 
<nto useful shapes, and differing from the original stone in most of its 
other properties. This new product is now- called copper or bronze, 
according to its composition. At. firft, no doubt, it was a matter of 
accident whether bronze or copper was produced. In districts such as 
Cornwall, where copper and tin ores occur in association, they would 
Uu reduced together as one and the same, yielding what may be tcrmfcd 
a “.natural qrqnze.” , In Hungary, where copper ores arc associated 
wjth those o^antinlonV,‘early implements consist of tan alloy of copper 
confaiuing up to* 4-5 per Vept. of antimony. Similarly Egyptian 
implements contain arsenig, whilst those from Germany contain 
nickel. 11 • • * t ° . 

• The discovery that bronze is not obtained ffom a single osc but® 
from a mixture of at lc&st two ores represents a high standard of 
mijJllurgical knqwlccigc, goon to be followed, if not indeed already 
preceded, by the distoyery of iron. The question now arises as to how 
many years iron—whether ifetivc, mete^iae', or piamffactured—has 
been Jfno*wn to and*used by*differcnt peoples. Just as the nations 
to-day differ ju the .relative. degrees of their civilisations, so in past 
ages some of thc,]fcoples«wert? living in their stone age whilst others 
were using implements of bronze pnd yet others had become familiar 
with iron. -Thus Britain was passing through her stpne pejiod at a 
time* when iron was already knowq in'Assyria, in Egypt, &nd probabjy 
also Jip China.* Again, at the time of the Roman invasion of Britain 
the .southern tribes, used bronze implements and' were familiar with 

1 Zimmer, loc’cil. ' c . 

> Gowiend, Huxley, Memorial lecture for 1813, Royal Anthropological IntUtote. , 
See Broijghf/. Iron Steel lurt., 180B, I., 233. . 
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, tJbe Iarly history of iron: 

iron, whilit the northern tribeof Brigautes was srtili in their stone age. 
Iron was kndvra jn Egypt at least some 8500 b.c., 1 althongh*it'Sid not 
come into common fise probably ^lntil the fiftji or sixth century ,b.c» 
Possibly the Iron fonnjl its way thither .from Ethiopia, where iron 
slnelting was probably'practised at an earlier datfi. than in Egypt.. 
During blasting operations within the Grdht Pyramid at Gizeh in 18C7,* 
an Iron tool was found," which, if coeval with the pyramid, proves, 
that iron was known in Egypt at the tiiffc of the Fourth Dynasty 
—that ispsomc 5500 yaaw ago.* , . . * 

«* The first genejal gj-oup of iron tools foullcP in Egypt dates back to 
* the time of Jhe Assyrian Invasion °f <J80*i.c., and was folmd at Thebes. 
•The Assyrians themselves appear «i*> lave made chain mail about 
90ft b.c . 3 ‘ * , * * 

The Israelites were farffiliar with iftm, and several intefesting 
allusions to the metal occffr tn Holy Writ. 4 Og, King of B«ghan, 
c. 1200 lfsc., is •stated to have had an iron bedstead. 3 It is generally 
accepted that ir^i was introduced into Palestine about this time by 
the Philistines* who ware a faf more gultifred race than the Israelites, 
with whom they were constantly coming into conllict. * 

. The oldest examples of iron used in Palestine are two wedge-shaped 
lumps foifrnl in the fanwms wafer passage at. Cozer. 7 Tljp passage was 
sealed up’alxSuf, 1150 to 1250 n.c„ several hundred years before the 
use of irftn became general in Palestine ; but although these are simply 
stray pieces of met ul| they show that iron was known prior»to these 
dates. Excavations at’Gezer, Lachish* and Megiddo havc^ brought to 
light numerous tools, weapons, and ornaments of iron, dating in some 
cases as far back as the time of David, namely, about 1000 b.c. A if 
interesting example is that of a ring cemented to ^ liuger-bo^ic by rust, 
showing that it had been used for personal adorifment. 9 * 

It is not improbable that India acquired, her knowledge df.iron 
from Babylon *; at any rale iron »was worked in India ut an 
early date. From a passage in the lilack Yajuveia it wobIH 
appear that some form of iroh cannon was .used, in «tlnj Vedie Age, 
namely between *2000 and 1000 b.c . 13 Between .500 wild 200 ,uic. 
iron appears to have been in quite eofnmon use, particularly for 
war weapons. • • 

. lie famous pillar at Delhi has frequently btcnRleseriTicd, and owing 
’ to a regrettable scrie? of errors the date of 9^2 n.c. has repeatedly beef! 
assigned to if. In rentity it only date# back to about A.u. 800. It is < 
28 fedt 8 jpehes in height, 22 feet being vertically above ground*«Aid 
20 inches belolvf Its* upper dikmeter js*12| intlies; its lower, ltfj 
inches ; whilft its.totaI wfifeht is approximately 0 tons. 11 The legend 

1 Potrie (ibid., 1913#!., 182) giv^s 7000 to 9000 B,e., but his system of du-onology is 
different. " • , • . * *» *• 

• See J. V. Day, Proc. Phil. Roc. Glasgow, April 12, r»71; also .King ami Half, Egypt 
and Western Asia in the Light ofRecent Dtscogenes (S.P.C.K., 1907). 

• Louis. Proc. Durham Phil. Roc., 1911, 4 , Part 2. 

4 See Gen. i% 22; Dent. iv. 20; Nuig. xxyv. 10, etc. 

• Deut ill. 11. " 

4 See 1 Sam. xiii. 19-22; Josh. xvii. 18 18 ; Judges i. 19, jr. 3. 

' Jlaealister, Palestine Exploration Fund, Quarterly statement, 1908, p. 101. 

• See Hawfcock, Archaeology of the Holy Land (iJnwin, 1910), pi 210, 

• Y. Smith, J. Iron Steeflnst., 1012, I., 183. 

. » Reogi, J. Bap. Roc. Arts, 1914, S 3 , 43. , 

*■ 14 Hadfield, J. Iron Steel Diet., 1912,1., 134. 
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connected with this W>us pillar assert* that the metifl had teen driven 
so tlcfii into the ground’that it had pierced the headM the kin g of 
serin-lits who supports the earth? It had tlflis a remarkably sure 

* foundation. A Rajali doubted ihlk and ordered the pillar to be dtlg 
up, with the result that its end was observed to be moist with $e 

jatrpent’s blood. On attempting to replace the pillar, Jiowevcr, it 'was 
found impossible to transfix the wily reptile* and the pillar, ia conse¬ 
quence, remained loose iftid, shaky, 1 symbolic of the Rajah’s faltering 
faith. It has* Ip-on suggested that the city «f*l)elhi owes its name to 
the pillar, the Hindoo ttrifi being Dhclli, or un.?tgble. t Sanskrit authdrir 
ties are inclifed to the npinipn. however, that the word # Dclhi means* 
tl*e Henri ',v Delight , and has*nothing whatever in common with the 
■ pilltfl'. «A remarkable feature of tjie pillar is its freedom from fust. 
Thists no doubt due to some peculiarityVf its surface layer, for pieces 
broken away appear to rust with ease* 2 •Iladfield :l analysed one such 
sample, and found'd to contain : — * 

Carbon .. 

Silicon . * . 

Sulphur 
Phosphorus 
Manganese* • 

• . 

The high phosphorus and low carbon, sulphur, and manganese 
content!, all tend towards reduction of corrodiUlity, but do not suffice 
to explain,the general immunfty of the pillar from corrosion. It has 
been suggested -1 that the employment of stone anvils may have sili- 
‘ oonised the surface and thus rendered it less susceptible to corrosion. 

Turnip" now to,Europe, it. appeargthat Greece was the first, country 
to use iron, namely, about 1400 n.e. 5 Homer (n.e. 880) was thoroughly 
fanjihar with the metal, and frequently alludes to it in both his fluid 
and Odi/st.eij. Iron,' gold, and bronze are repeatedly mentioned, as 
Indicative uf wealth at the time of the Trojan war, which was fought 
at*the traivsilirm pf thy Grecian bronze: and iron ages, namely, c. 1400 
* 0 , 1*200 11 . 0.1 . * 

It is an interesting observation that although Homeric agricultural 
implements were’niade of icon, the weapons were made of bronzy with 
but two exceptions^ Tht- explanation appears Jo be that when iron 
' was lirst made its quality; was uncertain. * Warriors, therefore, refrained 
fropi using it until artificers laid gained ifullieietit experience to produce 
•^reliable metal.* ♦ * , , < 

* It is said that riK'idon‘deposited in tjie Ilcrtrum certain iron bars 
that had, prior to his time, namely, n.e.Jido, served as money; and 
Waldstein. during llis excavations at tMs site, discovered a bundle of 
iron rod* wlsell a^cdx-Kcved tp be Hie reft guns of Plieidob’s gift. 

The close of the Minoan age in Crete, c. ,1400 to 1100 B.C., was the 
period of transition from bronzerto iron in that island, and coincides 
with the Homeric age referred to above. * " . • 

, 1 This is not actually the case, for tho pillar is very Hrtnly fixed in the ground. 

2 See llesoh, J. Wife Scotland Iron Steel hint,, 1914, «ZI, T76. 

• * » Hadtiehl. lot at. * 

* Carulia, J. Iron Steel Init., 1908,1., 85. « ’ ° . 

* Montelius, /n.n Sled Inst., 1900. II., 514 . « * 

* Lug, World of tfomegfLongmus, 1910), ohapter x. »- 


O-OSOjx-r otflt. 
o-oitr „ 
0-000 „ * 
0-114 # 

0 000 


V. 
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The Romans, several centuries later, were*skilled metallurgist^. and 
developed to ft rtlnailmblc extent.the iron resources of Hieir empire. 
Pliny, who compiled his famous A'l tmral History neaHv two Ihouswid 
yaars ago. gives a eoifcideralde amount of Infoimatnyi relative to the 
oiVs of iron and tll« properties of the m^tal. He discourses at eon- 
sidctable length upon thy tendency of the niet.d to rust. Nature, 
he writes, 1 “in conformity with lur usual lxyvcvolcnee, has limited the 1 * 
power of iron by inllietiijg upon it the punishment of rust, and has 
tbusrflispfaved lur usual foresight in rendering nothing in existence 
.inore perishable than five substance wlihjv brings the gr|atest dangers 
pjKvn perishilble mortality. ’ * • • , 

/'liny was also aware of thcJhcMhat some kinds of iron,ar* less # 
resistAut to corrosion than oyvers, *and spv^'ilieallv mentions- a j^veeies 
that “is more particularly Ijalje to rust.' lie further states •' ‘that 
there is ill existence at the ciW of Zeugma, upon th«fc Kuphratcs, aiWron 
chain by means of which Alexander the (treat constructed a bridge 
across the river,; the links of wltfcli that liavj' been tcplacml are attaekeil 
with rust, while IJie oriental links are tfanllv exempt from it.” , 

This passage* is remarkable as bcinjj' a very early, it not indeed 
||,7' earlii*t. statement (if the. relative corrodibilities of two kinds 
of iron. • , • * 

The Jlritonx Were familiar with Iron for at least a century prior to 
the Roman invasion of 55 u.c.. South Wales being regarded as possibly 
the early home of tin* iron trade. 4 Osar mentions that thrill it oils 
used iron bars for currency, probably employing them f«r purposes 
of exchange, marriage portions, etc., in a similar manner to that, in, 
which t \u-'logt’nh kullutty 5 * (iron spade-like articles) of the natives ol 
Central Africa or the iron ingot'* of Cambodia aj-e*uxed at dhc present, 
day. Some of the bars may be seen in the British Museum, 11 .whilst 
others, found near Worcester, are lodged in life Museum of that city. 7 
In appearance tliev resemble swords, having a Hal and slighuy t a per nig 
blade, with blunt edges, and a.rude kind of hamlle Ibrmctl by tifrnmg 
up the edges at oijc end. Two of tlw bars wer* rxainiifl'iHiy (lowland, 
who gives the following analyses; - • , 




Bar 

, liar 11. 


• Carbon 

trae^) 

XT OCtflt. 

,0 08 per cent. 


• Silicon . * • 

OOt) 

,, 

0 02 


Phosphorus . ,. . , 

(Hitt 

... • 

0-85 


• Manganese . 

nil. 

• 

. "'1 


Nickel • • . * . 

*>•23 


, >101. 

- 

Bar A, examined undet^thc 

• 

mier<*>o<q>e. relx 

ak'd a structure 

similar 

• 


to "that exhibited (by meteojie iron, whilst Bar B resembled jron pro- 
duced by direct reduction from ore and forget* from a bloom. 

The bars have lost somewhat in weight in consequence of rusting, 

• • 


1 Pliny? botdt 3?, chap. xl. Translat'd bj Bontock and Riley, 1857. f 

• Pliny, ibid., chap. xli. • 

• Wi"kinfs*7 'he. HUtmy of the Iron, Hle.el, Tinplate, ajtrl Other Trade* of Wale* (Merthyr 

Tydfil, 1903L „ ,.,r 

s Schweiafurth, if* Heart of Africa 1868-71. (Sampson Low), voi. i. p. 125 

• *R. A. Smitl, Proc. Soc. Antiq. 7 1905,.*0, 179 ; 1915, 27 , 09, 76; Archmhgieal J, 

W13,10,(4), 421. • • 

7 Friend, Tran*. Wontslershire Sal. Club, 1919, 7» Part 2. 
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but, m|king allowances for this, the weights appear originator to have 
approximated to 809 grams or to some multiple of sub-mult'iple of 
fhis« amount. In ail, six different (denominations have been found,. 
, of the following presumed standard weights:- ( « . 


Quarter unit * . 

. <77 grams. 

Half unit 

.• '. 154-5 „ 

Unit . . > • 

. 809 

Unit and one half , 

\»403-5 „ * 

Double unit 

. . . (618, ,, 

Quadftiplc unit . 

... . 1280 , f 


1 Tlfe reason for choosing the third height, namely 809 grams, as the 
unit, aYid not the smallest weight, namely 77 grams, lies in the fact that 
in thft Cardiff Museum is a bronze weight,.Much was found in associa¬ 
tion with enamelled bronze ornaments of Late Celtic eharaitcr, near 
Ncatli in Glamorganshire. On the top of this weight is engraved the 
figure I, and it weighs 309"grams. Another similar weight hrndc of 
basalt. And also marked with a 1, is to be found (or wa‘s, prior to 1914) 
in the Mainz Museum. ‘ ' 

Tiiesc relics suggest that not merely was there a standard British 

• weight corresponding to 309 grams, but that the sanje standard had 
been adopted throughout a large portion of Europe. 

Boadicea was familiar with ^he use of iron, uul the wheels of the 
early Britislj war chariots were encircled with iron tyres, as is proved 
by remains found in Yorkshire, although it is very doubtful if they were 
fitted with scythes for laming hostile infantry, as was at one time 
believed, ymlouhteply many of the pcapons wielded by Boadicea’s 

* trbops against the lloniUns, a.d. 01, were also made with or strengthened 

by irort. • , * 

During Roman times a considerable iron trade was established in 
Britain. Iiu'a.d. 120 Hadrian established an arms factory at Bath, 
when: iron frygnthe ,Foye,st of Dean was worked. 1 But in the unsettled 
pentyls immediately succeeding the Roman occupation the industry 
lapsed, to be n'vivcd again shortly before the Norman Conquest. This 
latter invasion produced suclwnn upheaval in the country that the ty-ade 
again declined until about the fourteenth century. f 

* In 1850 or thereabout^ east iron was* produced in Sussex, Much 
•county was at that period one di EnglandVmosl important centres of 

the**ron industry.* TIk introduction of cast iron made it possiBlc to 
utilise our ores to fat yrcattfr advantage tjian would* dtlierwisc have 
been the ease, and constituted an important Advance «n the metallurgy 
of iron.* It was in'thd little Sussex* village «f Buxted^hat 
*«• «*■ * •* 

, *“ Master Huggott and tils maA John, 

They did oast t^e first cannoh,’^ 

and rpany of the village churches and churchyards'are graced'by iron 
tombstones which date back sevcralcenturies. 

Prior to 1053 there -were 42 iron forges in Sussek, and 27 furnaces. 
The" industry employed somq 50,000 men and furnished the m%in supply 
of ordnance for national defence. About this tifne, however,* the fuel 

• ' * , * 

‘ifierfSorivenor, Hitliry of the Iron Trait (Longmans, 18541. 
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shortage Ifemi to be serious, the supply of charcoal becoming very 

scarce.' " Before 1664 the number of furnaces was reduced to 11, and in 
1667 the forgo. numbered only li • It was muntil 1809, however,* 
that the last Sussex furg*: was extinguished,* m»m< ly at Ashburnham. 

* Towards the close ofsthe eighteenth century there*was considerable 
impfovement ih the trac^e in other parts of the country, for coke \tas 
now bfing used. In 1790 Knglaud possessed no fewer than 81 coke, 
and 25 charcoal furnaces. In 1917 the tfltal number of blasj furnaces 
was 496, ^uid of these Rji’average of 324 wcjejn blast ift any moment 
Tluring the year. •The*enormous growth in the output of pig iron since 
,1740 is well "illustrated by the followup Able. * 

• > • 

PRODUCTION OF PIG «ObT IN TIJE* UNITED KINGDQM.' - 


« V • 

\ ear. 

• 

• 

• 

Pig Iron. 
Tons. 

• 

. a 

Year. 

• 

lV Iron. 

Tons. 

*. 

•* 

mo 

17,350 

18X0 

5,963,515 

» 1788 

. 63,300 

1880 # 

7,749,233 

• 1800 

243,851 

, 1890 

7,905,0d0 

1828 

308,000 

1900 

8,908,570 

1830 

• 677,417 

1910 

10,216,745 * 

1840 

I,'396,400 

ft 13 

10,260,315 

1850 

2,249,000 

1918 

9,072,000* 

1800 

3,889,752 

1919 

7,398,000 

.- _ 

-, - -0 


-— -•. .. 


The output for 1913 constituted a rcoort^ up to the outbreak of 
war in 1914, in which latter year the production fell by about l6 per 
cent, and remained at approximately 9 million tons mi^il 191%-4bc 
latest returns available at the time of writing,—in which ^ear thcrowas 
a marked decline «n production. * ** '.•* • 

The world’s production in tons of coal? iron ore, pig won, and steel 
for 1913—the last year for which complete records are available—is 
given in the following table,' 2 and iiglieate»the tnoriiiofis (piantities of 
fuel, 6re, and metal annually*handled, and their consequent importance 
Jo modern civilisation.* • • • * 

• • 

• • • • «• 

1 Compiled froaitiata supplied by tlfr Statistical Reports (pr*191G and 1918 of the Iron, 


[TabEe. 


Steel, and Alhecfc Trades federation, and from th<««/. Iron Steel Institute. 
* Statistical Report ?!or 1910. ^ 8 
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V 

• 

Country. 

• 

Coal. 

. » 

* Iron Are. 

•Pig -Iron. 

c 

.Steel. 

• - .. ". 

... - f - - 

< 

r 


Uiytcd Kingdom . 

287,W 2,000 

15,lf07,328 

ip; 2 oo, si 5 

7,003,870 

Canada . 

15,012,000 

31)7,084 

1,015,118 

1,042,503 

1 Newfoundland 

• . . 

868,102 



Australia. 

11,822,000 


40,563 

* • * 

New Zealand . 

. H88S.OOO 

# 


. . « 

Union S. Africyt 

InjJia 

10,73^,000 

l(>,208>0ft(J 

’ 370,845 



il'uni.f (fxports to 

. 279,071 



U.K.) ■ • ■ 

# 

V 



Aust#ia-IIini!'ai , v ^ 

* 17,519,000 
f 30,170,000 

j- .71.318,031 

2.380,804 

2,025,879 

llelnill 111 . *. 

22,8 1-2,000 

119,450 

2,184,090 

2,400,030 

France . ! 

to,lit 1,000 

24,918,000 

5,3fl,310 

4,635,100 

Algeria. . 


i ,;i m.ooo 



Holland . 

1,H7|U>00 




Germany ,. 

*101,511,000 
f 87,110,-000 

j-8i>,I»n,28B 

10,201,920 

t 

1^,058,819 

Italy. 

701,000 

003,111 

421*755 

*33,500 

Russia . 

Portugal . 

33,300,000 

8,077,000 

# 1,557,000 

4,837,000 

1 

49.1,St 


Spain . * 

1,200.000 

0,801,008 

124,771 

211,905 

Norway 


78,031 



Sweden . 

301,000 

7,175,571 

730,257 

500,887 

, United Stifles . * 

, 500,000,000 

111 .080,437 

30,900,152 

32,32V,018 

Cliina. . 

2,185,000 




llra/il . t 

‘ . . ( 




Gryeoo . ; . ■ 


310,078 



’ Total , . 

% 

1.851 ,SM % 00( 

• 

170,935,33 

77,895,724 

70,317,873 


* * Colil. • f Lignite. 







CHAPTF^IUII. 

THE MINER,y*5GY OF IRON 

<r t 

Nkxt to aluminium, iron is tl»- most abundant and widely distributed 
metal ii»,the ^rust <>l tlie darth. 1 It is seldom hiund free in Tfldure 
owing to the extreme readiness with which it, combines with moist 
air to form the hvdydcd oxide known* as rust. Shell ferruginous 
minerals as contain a sufficiently high percentage of iron, possess a. 
syitable chemical composition, and occijr in nature in large quantity, 
are ternfcd ores and age u>cd* for the commercial extraction of iron. 
Owing ttfthoir economic importance life ores of iron hurt- been studied, 
with unusual cSrc, and the suitability of the more important, types for 
metallurgical purpose is discussed in Part III. of this volumy. 

The various mineral* containing inhi may be conveniently classified 
according to the state of the chemical combination of the fron, and the 
system adopted here is schematically represented as follows: • 


1^ Native Iron. • 

fMagnetites, Fc.,0,. 

f Red, anhydrous ores, F< 


2. Oxides 


es-< . r 

1 licmnt it is< 


,(), 


3. Carbonates—spathic orus, FeCO.,. 

4. Sulphides -.-pyrites. 

5. Miscellaneous Minerals. 


Red-brown, hydrated ores. EV.0»..rIl.O. 


• NATIVE! IRON. 

, • . 

As has already been mentioned, iroj>i seldom occurs in the free state 
in nnf.urc on account of the readiness with which it oxidises on exposure* 
to a moist atiyr#qihers.-. Native iron is tye^iiciftly <tf' meteoric origin,* 
and contain* varying quantities of alloyed niclfcl. 3 Usually the nickel 
ranges fjom 1 to* 10 per rent., but yin* metitllic.pa^ticlcs contained in 
the meteorite which fell mjr Middlesbrough in 1HH1. possessed" no less 
than 21-82 pet cent, of nickel,?" whilst thy Saifti* CatHarifia sidcritc 5 
contained 84 per cent., atnd Oktibbeha County sidefite 00 per cent, of 


1 See fhis -ye-iA, Voi? 1., 3rd edition P- 8. 

* Meteorites consisting mainly o{ mltaliifi iron alloyed with nickel are termed Aderilts. 
Siderolites differ from Jhe above in containing stony matter as well as native* metal. 
Aerolites consist essentially etf stony matter. • 

J On thestructureof meteoric iron see Fraenkal ajd Tamnlan*, Zeilsch. anorg, 'Cham., 
1908, 6 o, UT> ; Osraofid ai*l Cartaud, Compt. rend., 1903, 137 , 1057. 

. ^See Iran fiteel Inst., 1883, II., 718. _ 

*• * Discovered in 1875. described by I.unay, Cornet, rend., 
some as at terrtstrial origin. 


, 1877, 8^. 8|. Regarded by 
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nickel, fiwing largely'to the presence of this element, njejepric iron 
presents a whitish fracture, and resist* corrosion extraordinarily well. 1 

• The following analyses of metedbites, arranged in chronological 
order, will prove of,interest an illustrating the variation in composition. 
, that has been met'with by dif(prent investigators:—* , ■* 


« 

Number . 

a 


Of 

B 

m. 

6. 

7. 

Date when found 

11913 

1900 

« 1000 

1904 

# 

1892 

1881 

1870 

Locality. 

Mt. Edith, 

Muonion- 

4'eh-Y- 

viRe, 

’Okauo, 

Williams- 

Middle's- 

Rowton, 

West 

alusta, 

jJapan. 

town, 

bro’. 

(Shrop-. 

» 1 * 

* 

Australia. 

North 

Sweden.# 

Missouri# 

\ 

Kentucky 

[Yorks.). 

shirr). 

Weights . 

355 lbs. 

10-5 lbs. 

38 lbs. 

nfi 

08-2 IbK. 

f 3 lbs. 
1,8 \ oz. 

t 

0-85 lbs. 

Density . 
Analysis:— 

7-80 • 

7-9 

7-01 

7-98 

8-1 


To 

sVnoo 

HI-20' 

89-015 

1/4-85 

ft*-54 

7t$-99 

•0115 

Ni 

9-450 

8-02 

9-000 

4 44 

7-20 

•.2132 

8-07 

Co 

0-025 

0-09 

0-545 

0-48 

0 52 

1-99 

0-34 

Vr 


0 01 

* 


0-05 



C 11 

, 0 013 

0-01 * 

,0-025 

traefl 

•003 


trace 

, p. 

0-310 

0-05 

0-364 

0-23 

012 

• 


C . 

0-017 


0-015 


0-004 

* .. 

• ,. 

Si. 

0 005 


0-003 


trace 

,p*7 



s . . « . 

_ J 

0-005 


*002 





tl. Foofco, Amer. ./. Sci., 1014, 37 , 301. 

2. Hogborn, Zritsrh. Kryst. Min., 1914, 53 , 408. 

3. G. V. Meigill, /'roc. f/*S\ National Museum, 4912, 43 , 505; Engineering and Mining 

V., f913, 95 , 350. 0-370 per chut. of ferric oxidn was also present. 4 

4. Chikushigo an<l«Hiki, Zeitsch. qnorg. Chan., 1012, 77 , 197. 

5. E? E. Howell, /inter. ./. Set., 1908 , (4), 25 , 40. 

Flight, Jahrk- Min., 18^4, 2 , lief. 28. The analysis of the metallic portion is given 
,only. * Of the remtining constituents 00 per cent, were soluble silicates and 40 per cent, 
insoluble. • « • 

7, Seo Flight, Jahrb. Mm*, |884> 2 , Reft* 28; also An Introduction to the Study of 
Meteorites, 1008, p.^00. * • 

It will be observed pint aj|‘of the meteorites contain, in addition-to 
ni^ccl, a small quantity of cobalt, wHlist the parboil content is extrcijiely 
small. Carbon is somethin* present in metporic, iron in tihe form of 
ftlinut* diamonds. 8 The Rowton specimen is interesting as being.the 
first Sideritc observed J<f falf iq Great Britain, and ma\% lje set'll in the 
Natural History Museum, South Kensington, .The Perryrille siderite 
is the first feeordect instance of the. presence of rutheitium in meteoric 
iron. Ift addition to traces of this clement, traces of irWium,,palladium, 
and platinuA were d«t*ct?d. • *. • * 

Tne largest knowhi meteoric mass is the Ahnighito, brought by Peary 
from Western Greenland in 1895. It how lies in the” New York Museum, 
and weighs 80$ tons. 

1 A magnifioent collection wf meteorites is contained in th^ South Kensington Natural 
History' Museum, London, knd a fihl account of them is given in the little handbook, 
printed by order of the trustees, entitled An Introduction to theJStudjl of Meteorites, 1908. 
The reader is also referred,to Meteorites, by Farrington (Chicago, 1915), and to *Handbich 
der Miner alchemic, bv Rain mels berg C Leipzig, 1800). « ’ 

*>3ee Friedel.VoJty*. rend,, 1892, 115 , 1037 ; Foote, Amer. J. $c*,, 1891 * 42 , 413. 
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l^fl^^Nordciwkiold found some larga masses of iron containing 
1 or ? pCT cento o£«nickel at Opifak in Western Greenland . 1 They 
.weighed 9000, 20,000, and 5G|a00 lbs. i-sportively, and,. tlunigh 
formerly regarded a* meteoric, are now believed tp be of terrestrial 
Origin, 2 having been rcduced*from basalt ^>y some natural process. 

.Grains of Anvaruite, qn alloy of nickel and iron, have been found iifthc 
sands of certain New Zealand and Canadian rivers, containing as much 
as 67-6 per cent, nickel. 3 Souesite 4 and’Josephinite 6 arc Denies given 
# to 4 simimr alloys, 8 th*ct former from British {.’olumbta,* and tile latter 
* found* enclosed with hi water-worn pebbles in Josephiuc and Jackson 
, Counties, Oregon, U.S.A. An silloy afmtaining somc*7 per cent, of 
nickel is frequently termed kanfeite 7 ; one corresponding V> ‘the 
formula Fe 5 Ni 3 (38 per eeip. Ni}, taenlte 8 ; and FeNi (60 per cent, 
nickel), octibbehite. 9 • * 

Native iron lias been found in the coal measures of Missouri,at 
depths rftnginfr from 35 to 51 feet, which preclude the possibility of 
meteoric origyi.* Most probaljly the metijl has been formed by redac¬ 
tion. The fragjnents tif iron weighed on the average 0-5 gram, but. a 
larger mass.of*45 f grains was also discovered. The metal was soft 
(tiardnc^ on Mohs’ scale 11 f),.malleable, and, on fracture, silver-white 
in appeajancc. Different specimens vieldt-d the following analyses :— 



i 1 . 

• 

l 1 - 

IJI. • 

Fe . 

90-10 

9!) -39 

97-10 per cent. 

SiO„ 

0-37 , 

0-31 

1 <k r > - . 

c . 

0-005 

V 


P . 

0-207 

0 13 • 

.0-170 •„ 



• 

• * 


In no case was cobalt, nickel, or copper prrscjiJ. Thtodunsities rifnged 
from 7 43 to 7 -8*. 


1 Analyses aro given by Winkler ( Ztilach. Kryst.Min., 1903»37, 286) of a weathered 
. samite of the metal. F. Wohler ( Jahtb. Mitu, 1876, g. 832) g^ves an analysis of the metal 
i itself. Seo also Nordeaskiold, Cqmyl. mi*., 1803, n6, 677; Moiasan, ibid., p. 1209; 
Tdrneoohm, Jiutrb. Min., 1879, p. 173. f * 

* C. Winkler, Chan. A-ntr.,’ 1000, 1., 130^; Zeiteck. Kryet. Min., 1903, 37, 280;» 

C. Benedicks, Metallurgie, 1911,8, 66. • * , 4 ,, 

3 8key, *Trunu W. ZetAu nd I nit., 4885, 18, 404; Johnston, Summary Rtjxrrf (irol. 
Survey, Canady for 1010, 19U, p. 256. • 

1 Q. C. Hoffmann? Amer. J. tci„ 1906, (4L 10, 319. * » 

■* Melville. Amer. J, Set., 1892,43), 43, 609. * * . 

• These names might very well be di|]ionsed with, agd ip three cJhiyg *.b,«ephiniU\ 

Souesite, and Awaraite—knowefby the earlier harnesf Awanilte. See Jamieson, Amer. 
J. Sci., 1906, (4), 19, 413. • * 

7 See Cohen and Weinaohenk, Jahrb. Jffh., 1892, II., Ref. 244. 

* Seefletcheif MineMag., 1908, it 147 ; 1899,12, 171. 

• Taylor, Amer J. Sci., 1857, 24, 293. • • 

t# Allen, Amer. J. Sci., 1897, (4), 4, 99. . 

11 Mohs’ ecalc of hatolnesg is indicated by the following substances, arranged in order of 
their aeoending hardnesses:— • • 

f. Talc. * * 5. Apatite. * 8! Topaz. 

> *2. Rook salt. 6. Orthoclaae. , 9. Corundum. 

3. Calcite. # 7. Quartz. 1(L Diamond, 

4. fluorspar 9 * 
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The dust showers which* at various times have fallen ip,Italy and 
Sicily frequently contain grains of metallic* iron.«#Sirtiilar grains are 
fo’und in the sands of t h* Sahara d(*#t, and it is not improbable that 
4,ho dust showers referred to Are terrestrial phenentena, the sand being. 
Wansnortcd from the desert Iw cyclones. 1 * In numerous other places’ 
small grains of iron have been found, and a terrestrial origin is ascribed 
t*> the metal in all of these cyscs. 

Traces metallic iron havh been found 2 * iry Ivisaltic rocks, ^such as 
those from the Gtartt’s Causeway .* They were detected by. pulverising the 
rock, separating 4hc magnetic grains, and subjecting' tji?m to the Action 
of an acidulatcu solution of eoppfr sulphate in the field of a micro¬ 
scope. • Syiall depositions of oopplfcr in. crystalline bunches indicated 
the prepuce of traces of native iron. *Graiiv> of native iron mixed* up 
with limonitc and organic mafter have bycn found in petrified wood. 2 
Iron <** •stallises in tjie cubic system, its cleavage bciii" octahedral. 
Hardness 4-5 ; densify. when pure, 7-HO (mean value). 

specimen of what may ly: termed “ native east irdfi ’J is stiffed by 
Iuost7.uii7.eff' 1 to have been ohfainT'd from UussiaTi Islaigl, Vladivostok. 
Analysis showed il to contain _ . 


Iron,. • 

Carbon (free) . 
Carbon (combined) 
•Silicon 


*. *93 S7 per cent. 
. 2-87 ., . * 

0-33 

lq5i ,. 


and small quantities of manganese, sulphur, etc. In micrographioal 
structure, as well as in composition, the metal resembled east iron, and 
it is supposed to huviybccn formed by the interaction of coal and iron 
•orc’in a sedimentary rock induced by the heat from an intruded ignfous 
rock. • • , • 

A carhid* of iron occurs as Cohenite (Kc, Co, Ni),C, in meteorites 
in Mistprted c[\xlnlx, probably belonging to the cubic system. 4 If 
'possesses a met,iVie lustre, is tin-white id colour when pure, becoming 
bronze-yellow upon exposure to air. ’Hardness 5-5 to G p density 0 977. 5 * 


MAGNETITES. 

* * , 

•Magnetite or Lodestone, Fe a 0, or Fe 2 O a .FYO, is the richest foriti of 
iron ore. containing when pure*72-4 per ertit. *f metal. * Magnetite 
crystals are usually.octajiedm and dodeeahedra, and are well dgvcldped 
in Some chlorite schists.* Good yrystals have been* fountl'at Norn mark 
in Wermluud. They are »ot scratched by a^k’iife, their hardness on 
Mohs’ stale ranging Mnn 5 5 th <S -5, and at heir deqsity front 4 -9 to 
5 2. MagAutite* in th« massive form are widely distributed, occurring 
in large quantities,in Indiit, Sweden, South* Africa, Russia,* Siberia, 
Canada, and the United States. The Indian deposits 7 are located in 

1 Tatchini, Compt. rend., 1880, 90 , 1568. * t • 

* Se^ liana, A System of Mineralogy (Wiley, 1889), j>. 16, 

* InoeUanzeff, Zeit.sc]>. Knjet. Min., 1911, 50 , 61. , 

4 Sponcor, Min. Mag., 1*02, 13 , *90. 

‘ Weinaohonk, Aitnalen K. natiirllist. Museum, Wien, 1889,. 4 , 94j Cohen%nd Wein- 
sohenk, ibid., 1891, 6,131. 

•See Bogdanowitach, Stahl and Essen, 1912, 31 , 990. 

V. BaIl,*£cSio»iic Geology oj India. 
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the Madras Presidency Land ffre estimated at milliards of tons, but, owing 
to the scarcity # of fuel, they have not been worked on a large scale. 
Of e\gen greater nMjpiitudc arcjthe American deposits in the neigh¬ 
bourhood of Lake ^Superior, wnifti form tut largest source of iron 
lore in the world, 'flic rectal in these* ore., ranges from 55 to Oi? 
per cent. , *, * • , 

• S*>me of the Swedish magnetites arc very pure, 1 and are used in the 

manufacture of Swedish iron, which is poted for its high quality, its 
the naaie implies, magnetite possesses magnetic properties', sometimes 
exhibiting polarity. B Specimens possessing"!lit- most powerful magnetism 
are found, in Siberia and the Harz ^Ioi*ntains. ‘ It is ifi account of this 
property that the ores can be cguci'htratcd magnetically on a pun- 
mercial scale. The colour viirjps from brownish grey to grort blagk. 
Wl’en eonqtaet, the minertd is opaque, Jmt translucent dendrites have 
been found in mica, exceedingly thin, and ranging in colour from almost 
colourltjss t<y pale smoky’brown. The mineral* has a subeonfhoidal 
fracture which js bright when fresh. It is fusible only with dillieulty ; 
soluble in liyalroehlorjp acid. • t • • . 

According^, Nieauder, the name magnetite is derived from Magnes, 
Jhe sheplnTd, who discovered it in consequence of his shoe-nails being 
drawn from their soles*as he drove his llo^ks to pasture. More probably 
the liartic it, derived from Magpcsiit, a town in Asfit Minor, whelp 
magnetite wa? discovered. 

A pscudomorphfjf magnetite inis been described under yie name of 
dimagnetite, 2 which crystallises in elongated prisms, black in colour and 
possessed of feeble lustre. It occurs implanted on crystal* of magnetite, 
is magnetic, and probably has an analogous composition to magnetite. 
Several varieties of magnetite are known in which the ferrous or ferric, 
or «ven both, irons are more*or less replaced Tiy other *nctals. .The 
more important of these are : ■ - , , , 

Chromite, chromo-ferrite, siderg-chrome, or chroipe irfln ore, 
Fe0.('r 2 O 3 , in which the ferric oxide of magnetite *is replnctgl. by 
chromium sesqui-oxide. This ore constitutes fhtj main source of 
chromium compounds, and, on ift-count ot* fts iiil’usd>1lity. :l is some¬ 
times utilised in furnuees for linings. •Chromite is widely distributed, 
being found in Sweden, 4 Germany, Nortjicrn Caucgtsus, 5 India, Canada, 
tllfc United States,* Rhodesia, J^ew Caiedoni^ Turkey and Greece. 
Rhodesia yields ffiore chrome iron ore than any other country, ,)lic 
produetiort in till 2 amounting to (> 1 ,8<7 lofts. 7 Chromite occurs in smu^l 
quantities in most meteorites. 8 The ore rgsenjjilcs piagnctite in Appear¬ 
ance, huving. A blaidi colour and a similar crystalline form. 9 It same- 
times exhibits yiagneFiejfiropertits ; 'hardness 5-5 ; density C8 to 4-6. , 
It leaves a brown streak. „ ■ " ■ 

1 See Put-ha.and de Launay, ./. Insn Shellnst., 1894,'*t. JOS. ftrnrne7rails dcJt (lites 
Mineraux d MetaUiferca, vol. i. pp. 708-712. ' ’’ , 

3 Shepard, Atner ../. Set* 18.12, (2), I392. 

3 W. H. PaUeraon given the melting-point of various chrome iron orcM as ranging from 
154o° t* l"3P' C. (J. tron Slcel lnsi.Aiurtteyie Schol. Memoirs, 1914, 6 , 238). 

1 See Tegengreu, Teknisk TislakrtU, 19?3, 43 , 20. 

3 In the provincial! Kuban (Besdorodko, Jahrb. Min., 1912, 34 , 783). w 

• See report by taialeig V. .S’. Geol. Survey, 1912: Mtiierat Heaourcea fur lull. Part I., 

P- 9-5*. „ , , 

7 Diljer, U.8. Geol. Survey, Mineral Resource* for 1913, Part I., p. 57 cl neq, 

• See analyses by Taaain, Proc. U.8. National Museum, 1908, 34 , 685. 

• On the origin of chrftnite see Pratt, Atner. 1899, (4), Jj 28). 
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Acids do not attack yhromite, but'fusioX with alkali hydrogen 
sulphaths effects its decomposition. The t Greeian oje, wllieh -occurs 
mainly in the Eastern Provinces anyljn the island of Skyros, is particu¬ 
larly refractory on account yf the impurities it contains. Chrome iron 
* ores containing spme Fe,O a may be regarded js mixtures of chromite 
and. chromitite (p. 17). Plhtiniferous chromites arc‘found in the 
Urals. 1 ’ * * 

Frankllnite. (Mn, ZnJO.t'ejDj, is a magnetite in which the ferrous 
oxide is ntore pr.less replaced, by zinc oxidd *id manganoss oxide, 
which latter imparts a rca colour to the ore. It *%fouijd in New .JerSey, • 
U.S.A., in largtiblaek oetahcdrti, ^nd y\ recognition‘of its zinc content * 
is frequently called zincite. It 'is,slightly magnetic. Hardness 5-5 to * 
05. Density 5-07 to 5-ti. It is infusible in the blowpipe; soluble in 
eonccnlrated hydrochloric acid. 2 * 

Ilyjenlte, titanic iron ore or ferrous dtanite, Fc0.Ti0 2 , is the ore in 
which titanium wnsjlrst discovered. It tales its name from tile Ilmen 
Mountains. In the massive form it occurs in Norway, yhilst in Canada, 
tht United States, India, add New Zcdland, it* is met Vith its sand. 
Well-formed crystals are rare, but differ from those <M the preceding 
minerals in that they belong t» the hexagonal system, anfl not to the 
cubic. They have almost the same angle* (vir.. 94° 29') as c thosc of 
.hienmtite (viz. *94° O') (vide infra}. , , • * 

Ilmenitc is faintly but decidedly magnetic ; hardness 5-5 ; Mcnsity 
4-8. It usually contains from 20 to 30 per cent. *f titanium, although 
specimens have been found containing eonsidlrably more and con¬ 
siderably less than this amount. The density falls with increase of 
titanium, and the axial ratio a : e likewise falls, indicating an increase 
in the vertical axis, c. ,This is well illustrated by the following data :— 3 


* 

, TiO* 

Vcr cunt, 
c 

t 

DtMsity. 

Axial Ratio, 
a : c. 

, 0 i * 



sow 

,5 041 

] : 1 -3(i8 

21 -58 

4-910 

1:1-3716 

47-0ti 

' t-852 

1 ; 1 -8772 

49 -68 * 

* 4-014 

, 1 : 1.379 

57 28 

r* 

, 1 : 1-3851 . 

• * 


The formula for ilmenitc may also be written ns Fe s 0j.Ti s 0 3 , and, 
on uoeouut*of the (JifTifult^ of determining the state of oxidation of the 
titauiurft, jt is not easy to decide, from chejnical considerations alone, 
which form®la Is correct,* ijlthosgh the balance of cheihical evidence 
appears to support the formula FeO.TiO,. 5 The mineral crystallises, 
however, in. the rhombohcdral-tctartbhedral division of the hexagonal 

■ S h * 

1 Vogel, Jahrcsber., 1873, p. 291; Duparo and Rubies, Anal. Fit. Qttim., 1913, II, 387. 

1 Beithier, Ann. Mina, 1JJ19, 4, 489; Seyms, Amer. J. Sen, 1876, la, 210. For 
analywe see Stone, Zeitech. final, tps., 1888,14, 291. * 

-Doby and Helc*en ZeiUch. K%ytt. Min., 1904, 39, 526; SuitsKhinaky, v'iid., 1903, 
37, 57. 

»* Manchot and Heffner, Zeiixh. anory. Chan., 1912, 74 , 79. 

AKoenig andJPhfdten, Ber., 188*. aa, 1485. * 
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system,' and thfe axial Atio ift no case 1 lies between that of haematite, 
Fe,0„, . . * .* * 

•• *a:c^l :l-850, 

jind that of artificialtfiVmium sesqui-oxidi* Ti 2 O a , namely 
* ' , . % * a: c=l : 1-810, 

as *it Inight be expected to do if it were isomorphous mixture o# 
Fe a O s .Ti,O a . This lends strong support* to the view that, (Jic mineral 
is a titallitc of ferrous*jrf>n, namely Fe’KOj.* , • • 

* tltiier varietVs ( of this mineral are known as kihdelophane 3 and 
crlchtonite, 1 containing about 30 pc* c^\t. of titanium"; menaccanlte, 5 

’ hystastite, and uddevallite, eontaiitmg some 25, ]5 to 20, and *10* per 
cent, of titanium respectively, • f 

In Geiklellte, from Ceylon, part of the iron is replaced by mag¬ 
nesium, .thus (Mg, Fe)O.Ti(V* Density 8-970. A^iul ratio, 8 •• 

a-: c=l : 1-870. 

It is isomorptious witfi senaite, (Fc, Mn, t > b)O.TiO J , 7 which is likewise 
hexagonal, |jav1?ig axial ratios 

• . .a fc=l : 0 90J. 

The crystals* are black, thin crystals showing a greenish colour by* 
transmitted light. 

Bixbyite, FeO.MtoQ,. occurs as (brilliant black, culm* crystals, 
possessed of metallic lustre. 8 The composition of bixbyite might also 
be written as Fc 2 0 3 .Mn 2 0 3 . If such were correct, however, the mineral 
might be expected to crystallise in the hexagonal system, and belong to 
the ha-matite group. . • 

Magnesio-ferrite ormagno-ferrite, Mg0.Fc 2 0 3 , is a variety of mugne- * 
titc in which the ferrous oxide has been‘replaced bf inagnc.su*.* It 
crystallises in regular octahcdra, amf rcscmblts magnetite in colour 
and general appearance. It is magnetic ; hardness 0 tr*0-5 ; (kifcitv , 
4-57 to 4-65. It has been found ground tht Jfumarfllei* of Vesuvius. 
Hydrochloric acifl attacks it only with difficulty. • , • 

In Ludwigite part of the magnesium oxide- is replaced by ferrous 
oxi^c, and boric oxide is associated with the ferric oxide. Thus 

• (Mg, Fe)O.Fe 2 Q 3 .B 2 t> 3 , 10 or pcrhaps*8Mg0.l5 2 0 3 f\'e().Fc 2 0 3 . t 

* ’ lI.EMATlI'ES.* . * 

• • * • r 

The ha-mafcik-s coftsist esseiftiallv of ffrrie oxide, Fe,O a , and may*bc 
divided intef tw^groufk According as they ,ire anhydrous,or contain 

. • • • t 

1 8 e© the foregoing table. • • 

* Penfield *n<4 Foote, Amer. J. tici.,» 1897, /4), 4 * 1#8; •Zeitsch. cKryM. *Min., 1897, 

38,696. # • • 

* Rammelsberg, Pogg. AnfltUen, 1858, 1 : 04 , 497. 

4 Mariffuac, Ann. Chim. Phys ., 1845, 14 ,^ 0 . * 

* FroA Menad&an ndhr Helston in Cornwall. Found as sand in ft stream. 

* SuaUohinsky, loc. cit. •* 

7 Hnasak and Rcitingcr, Zeilsch. Kryst. Min., 1903, 37 , 550; Husaak and Prior, Min. 
Mag., 1898, w, 30. ^ . . * , 

'Penfield and Foote, Amer. J. Sci., 1897, (4), 4 , 105. • 9 

'Ramnftlsberg, Pogg. Hnnalen, 1859, 107 , 451. 

'+ SchaJfer, Amer. J. 3d., 1910, (4), 30 , 146; Mallard, Bull. Soc. Min., 1888, II, 310 { 
tBeaafd, Bu& Acad. roy. Bdg., 1886, 9 , 647. « Q , 0 
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combined water. Tflp former are usually red in colour, whence the word 
“ hiematite, 1 ’ from the Grdbk haima, blood. 1 • The hydrate)} haematites 
yary in colour from red to dark blown, accordiag to the amount of 
watXT they contain. Perfectly pflre anhydrous ferric oxide contains 
70 per cent, of ison, but the red hicmatites »sAl in this country for 
commercial purposes average more near!/ 60 per cent. j>f metal. Tile 
crystalline variety is known as specular iron ose, iron glance or tyokjng- 
^lass ore, and is obtained mainly from metaniofphic rocks, but also 
occurs as« product of volcanic heat—as, foiy example, in Italy, some 
very beautiful‘crystals being Ihund in the neighbourhood of Etn% and 
Vesuvius. Tl t ore is found qt France, Switzcrfand'und elsewhere in , 
Eiyopc, line specimens having* Ifeyn obtained from St Gothard. The, 
jslamP of} Elba* has long been hfinous for its beautiful crystals, even 
Ovid }13 a.c. to a. it. 18) drawing attention to them. Other smirces 
are India, Canada, Mexico, and the Uni Lai States of America. 

ffic crystals belong to the hexagonal system ; hardness 5j/5 to (i-5 ; 
density 4-5 to 3-3. * . * 

. Micaceous Iron ore is the name gwen to erystfflliue ferric oxide 
exhibiting a foliated structure of dark grey scales that, glisten like mica. 
No mica, however, is present, in the ore. It is found an the Lake 
Superior district, U.S.A., but the lincst wystals come from Elba. Prior 
to the European war of litlh nhcaceous ore was raised in Devonshire 3 
and sent to Germany under the name of shining ort. Hardness 6; 
density ;j-2. ' „ 

An octahedral variety is known as martite. “It is black in colour, 
sometimes ifppcaring bronzed, but it has a reddish brown streak, which 
•serves to distinguish it from magnetite, as also the fact, that it is not 
magnetic, or at best only very feebly so. Hardness 6 to 7 ; density 
4-35 to 5-33. Martifcjs probably a psoudomorph of magnetite tjiat is, 
it may have lyeou derived from that mineral by oxidation, without 
appreciably alteration iff the crystalline form. This change may be 
ejfycU'd in the laboratory by prolonged heating of magnetite in the 
blowpipe.' 1 * , 

, A hard, cfmipact, nodular variety- of Inematite is fopnd in Cumberland 
in the carhonifero'us limestone series of Cleator Moor, in Furness in 
North Lancashire, and to a less extent in Devonshire, and front its 
shape is termed kidijgy ore,* The ore is very low in phosphorus, and is 
particularly valuable for making Slessemyr pig iron that is, pig iron', 
suitable for the manufacture pf steel by the ijoid Bessemer process. 
Tlye Furness ore appears to have been worked in prehistoric times, 

< The colour ot tlicyirc varies from.red to irtm-blgqk, nud exhibits 
quite a metallic appearance. nVhcn scratched or powdered the colour 
becomes bright red. • The Bril liant ore is ilsed in the manufacture of 
paint.* « 

, Softer, earthy forms ofored kaniatite an. also found In Cumberland, 
the colours of which vary from bright to duH red.® They arc known 
as ruddle or sometimes as puddle bre, as they are usei} for lining the 

C IV v 

1 'She jeweller's bloodstone is not hematite, however, but a variety of chalceduny. 
a See H. Soott, J. Iron titod Inst., 1895, 1., 141. B * 

3 See J. S. Martin,,JVdn,t. Mabthcster Geoi Soc., 1895, 23 , 102; Worth, Trans. Devon 
Assoc., 1875, 7 , '22$. 

t * Friedel, Bull. Soc. franc. Min., 1894, 17 , 150. 
t ^ 8 See J. L, §har, J. Iron Steel Ipst,, 1892,1., 300. 
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hearths of puddling furnlces. ‘Spain and America likewise ( yield large 
quantities oSeartty red hiematite. , * • 

Immense deposits Vt a variety khgwn as red fossil ore occur in Jhe. 
United States, containing from 80*to 50 per c?nt. of iron and from 
0> to 0-7 of phosphoruf. fed ochre is another form of anhydrous . 
ferric oxide, but the'tcrm is also used for » variety of-turgite. • 

Hamaatitc ores, rich iiriron, are found in China. 1 # 

The problem of the origin of the Im-mitfitts has been the subject of 
much discussion. The* view is largely jicld that, in.tlje instance of 
Cumheijand and l^anegshire, the ha'inatite has* gradually replaced the 
^calcium carbonate, Molecule by mole^ul*. This is siqiportcd by the 
^Tact that the ore and rock appear to.have “grown together,” as the 
miners express it, the ore grndfuilly passing into the limestone? and* 
possessing precisely similar Mrutilicutiuns* and dip. Again, caats of 
mollusca and other fossils characteristic of carboniferous limogjone 
have been, found in tile hafnatite, as well as crystals of hiematite 
pseudomorphie wjjh calcite.* ‘It does not follow, however, that all 
haematites are lu-cessarily formtd in tljis Way ; local conditions must 
always be takenginto consideration. Admitting for the sake of argu¬ 
ment the foregoing or metasomatic origin of the north-country hema¬ 
tites, the ?iext point oUinturcSt is to determine how tiiis molecular 
substitutidti conlil have taken place., ThV formation of anfiydrous ferric 
oxide would appear to postulate an application of heat in some way or 
other, and volcanic activity seems to be the most easy way which 
such heat might lurfortlfcoming. It seems possible, therefore, that the 
carboniferous strata were overlain by ferruginous Permian and Triassic 
deposits. Waters, charged with ferrous iron in solution by passage* 
through these deposits, percolated through the .limestone beneath, 
dissolving out the calcium carbonate and leaving ferrous carbonate. 
This slowly oxidised, and under the inilucncmot.hcat yielded anhydrous 
ferric oxide. 3 . . # * 

Red hiematite has been found at Torquay, apparently psquilo- 
morphie with pyrites, wiiich it remarkable, lbs, although pyrites is 
frequently oxidised to limonite, it islndeed rarefy tijat it is convertc^l 
into anhydrous hiematite. It is suggested that pyrites v*as converted 
ninto ferric chloride by the action of sea wattjr, and that this reacted with 
•limestone to yield anhydrous ferric o^jde * iimome «reh dimmer as that 
'indicated above. • • 

- Chromitirf occurs as did], magnet iefrystfds, resembling magnetite, 
and hits a mean composition represented by.the/ornyda Fe 2 O a .CrjQ|. 5 

As already sfhted,’ hydrated haematites" usually differ from tht* 
anhydrous in colour. AS tjfc percentage of w^ter increases tjie colour 
changes from bright red to dark brwfti. * Turglte,* orhydro-haerpatite, 

1 A. Bordeaux gives a description of lift Chinese minefld demure ea,'Tra%e* Canadian 
Mining Inetitutc, 1913, 16 ,351. . * • 

1 See Goodchild, Tram. Cumberland Aseot^ ]882, Fart vii., p. 1 1<5; Proc.0eol. Aeeac., 
1889, II, 62; Kim toll, A mer. J. Sci.. 1891, (3), 42 , 231 ; Shaw, Tram. Fed. Imt. Min. 
Sing., 1892, 3 ,589; Kendal!, The bon Orgs 0 / Great Britain and Ireland, 1893, p. 30^ 

* Compare do Launay, Compt. rend., 1897, 124 , 089; Ann. Mince, 1807, 12 , 178; 

Kimball, Amur. J. Sci., 1091, 42 , 231. . * 

‘ Solly, M in. Mag., 1889, 8 , 183. » 

* Jovitaeluteoh, Bull Soc. frang. Min., 1912, 35 , 51k; Monaieh.,* 1999, 30 , 39. 

* (for a detailed study of thdae see Poenjak and Merwin, A mer. J, Sci., 1919,47, 311. 

• ’ See Samoiioffc( Zeitech. prakt. Beat., 1903, 11 , 302) tot an account of tbe turgite urem 
ot Russia. * • f . ? 
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SFc,O t .H t O, is a common ore which twitafas about 5 per cent, of 
water. 1 It ' pccurs as an earthy deposit frequently known, as red 
haematite and as red ochre; it is aSo found in 1 'compact, fibrous con¬ 
dition,' and in botryoi'lal imd stalactitic forms, gimilar to iimonite, for 
, which ore it ha* frequently been mistaken. *It may usually be dis¬ 
tinguished by its* redder eolctur, its red streak, and*ts greater hardness. 
Hnrdness 5 to 0; density 8-56 to 4-7. When heated in astuBe it 
splinters in a characteristic' manner, which serves to distinguish it from 
Iimonite And qthpr ores of analogous composition. o 

One of the most important of the brown* baeiqptites is UmonitOi 
2Fc 4 0 3 .8Il 2 0,Vvhich containsosogic lp per cent, of* water. It is found* 
in< mammillary and stalactitic fq«ns of various shades of brown. If 
•also bcears in concretionary form. .The name “Iimonite” is derived 
from the Greek leivum, a meadow, and teas first used 1 to designate 
the hog ores (see below). • 

Limonite is fouj^l in relatively small quantity in tliej'orest of Dean, 
where iron ores were worked in Homan "times. It culled brush ore, 
locally, when ft occurs in sfulaqtitic, rcTiiform #r compdbt masses, con¬ 
taining some 80 per cent, of ferric oxide or 50 per Vent, of metallic 
iron ; and smith ore when incoherent and containing only 54 to 58 per 
cent, of ferric oxide (88 to 4JI per cent, flf irony * 

Fine varieties of earthy Iimonite, more or less coptamiflated with 
clay, etc., are known as ochres, siennas, and umbers, the Colour of 
the lastgiamed being darker, probably on account of the presence of 
manganese. Ochres and umbefs are found in Several parts of England, 
notably in Derbyshire, Oxfordshire, Devon, and Cornwall. The name 
•umber is derived from Umbria, a town now known as Spoleto, in 
Italy, where umbcr f was first obtained. Sienna likewise received its 
name from the Italian town of the same name. Turkey umbers are 
acknowledged to be the Pnest. They really come from Cyprus, but 
received their name through having been imported from Constantinople 
at«ajime wlpn their true origin was unknown. Siennas are found in 
the Harz, in '|Vscany„and in America. 3 * 

, Large deposits, of brown hicmititc occur in Northamptonshire, the 
beds extending into Lincolnshire and Oxfordshire. The ore is abundant 
in the U.S.A. • . 

A fibrous Variety of Iimonite if known as wood iron ore. 0 ' 

« Goethite, Fe 2 O s .II a O, is named after thcffamousDerman poet, Goethe, * 
who was also a mineralogist ofs-onsidcrnWc* repute. It occurs as black 
oniprown rhombic crystals, the parameters of whieii are • 

a : b \ c=0'66 : 1 s,li089. o 

The crystals are* 1 usually blackish brow* in colour, but appear red 
by trflnfntitt«i ligjit'. They yield a red ‘screak; hardness 5 to 5-5; 
density 4'0 to 4'4* 1 „ 

Goethite contains some <58 per vent, of iron. It has been found in 
Somerset, Cornwall, and Gloucester, some very fine fryytalt coming 
from 1 ' Lost withiel in Cornwall. Oh, the 1 Continent it has been found in 
4 . . 

1 By Hansmaim, Handbvch Mi h„ 1813. ‘ 

• J. W. W&tsor, Me Geotogiel, 1868, i, 217, 266. , 0 

* Classification and analyses of ochres are given by Gin, Cbm/4. read. Awqc. /haw At. 

<3eu. 1896, 33 , (2), 512. For analyses of oonrea, umbers, and sjennaaseo Horst, Cbem. 
ifim, 1888, 51k, 1 W. • * , * . * 
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numerous districts such as Saiony, Nassau, .etc.,* whilst quantities are 
present.in <U.S.A* Other names for the ore are pyrrinnaiderite, and 
rubingUnuner. Acicufar varieties *aje known a; needle Iron stone find 
onegite, the latter ocqprjing in quartz in a similar manner to the pene¬ 
trating needles of rutile go frequently met with. Avehturinc oligoclase. 
or sunstone owes its beautiful internal refifetive powers to the presence 
of ctystals of haematite flr Goethite. A velvety variety of Goethite is , 
known as sammet-blende, from the German fiammrt, velvet. A variety 
of Goethite occurs as iiftc*rcd scales whitji may be recognised under the 
•nierbs^ope by thgir dieliroism. This serves also to distinguish them 
' from haematite. Ldpidocrite is a, for»i jff Goethite presenting a flbro- 
\ealy structure. •, • 

Hydrogoethite, 3Fe s 0 3 .4lI 2 0,*lais been found in llussia 1 iif thin reef 
veins in limonite. Under tht microscope it is seen to consist of*trans- 
parent plates or needles, with ^distinct cleavage. ., 

Limnfte,* Ke 2 0 3 .8ll 2 0, and xantho-sidertte, Kr,0,.211,0, closely 
resemble limonite^p appearanct, but are usually slightly Ijghter in colour 
and contain mhre watea. TheTormeroiinfo is derived front the Greek 


limne, a marsh,thud the ores are frequently termed bog or lake ore. 
They are foifnd in different localities, such as Ireland, Sweden, and 
America. 'They consisted’ dephsits of hydrated ferric ojyde, probably 
oxidised ffom*fcjrous salts and thrown out of solution by lowly organ¬ 
isms. 3 fcarge deposits of ehromiferous brown luemutite, containing 
about 2 per cent, of ehlbmium, occur in precce 1 and in Cuba. 5 •Xantho- 
siderite also occurs in crystalline form as golden needles. 1 '’ 

Laterite is a similar mineral, which is found in India, and contains 
varying quantities of iron and aluminium hydroxides. 7 ,* 

Minette is a brown lianmtitc found in Luxemburg, Lorraine, and 
Rhineland. It consists of oolitic grains bound together by a cement ' 
of chalk, clay, or silica, and may contain anything front 0-5 to per 
cent, of phosphorus. 5 Minette is therefore largely used in4>asie steel 
manufacture. Brown luematites also occur in Russia, "Poland* nud 
China. Spain exports large quantities of hieniu^ihc, whiedav^iry in colour 
from red in the almost anhydrous “ ruhio ” ores to brown.* • 

Esmeraldaite, Fc,0 3 .4II,0, occurs as pod-shaped inclusions in 
limonite in Esmeralda Country, Nevada.. It is gfessy, brittle, and 
possesses a yellowish-brown streak. lu « » % 


1 ZerajatwhttiBky, Zciljrh Knjtt Hm., 1892, », 181* Samoiloll, lit ,1 tch. Kruit. Min., 
1901, «, 272. . 

1 Hermann, J. prntt. Chtjn., 1842, 2 -j, S3; J. 1). ^an&, MlneriMjy, 1888, p. 178. •* 
a Murotord has Isolated u iron haedlus trom^HndgewaAr Canal Tunnels, Woraley, 
XtAncs. It preciifltatesjiron as & r^fxture of oxides corres^mding to bog ore (J’roc. Chetn. 
8o&, 1913, 29, 79). See also Ellis, Iron Bucterin (Mtethuen, 192G); Kaumer, Zeitsch. anal. 
Ghent 1903, 42 , 590 ;*Iran Bacteria, Harder, U.S. Geol. Survey, Professional Paper, 
No. 113, 1920. * • • • . • * * • • ^ 

4 H. K. Scott, J. Iron Steel Inst., 1913, 1,, 447. # • 

* See D. A. Willey, Engineering Magazine* 1913, 44 , 807; J. S. Cox, Bull. Amer. Inst, 
Mining Ena, 191 l*p. 199- etc. 

* Schmiu, Psgg. Annaten; 1851, 84 , 405. . * * 

7 The word laterite is derived from the Ltftln later, a brick, since the mineral is often 
need for building purpose* For analyses of Indian laterite |pe Wartb, Geol. Mag., 0 lW®, * 


(JaArb. Min.^m, ii. 163). . • • 

7 * 8ee£.^ohroedter, J. Iron Steel Inst., 1889,1., 114; Wandesleben, ibid., 1892, II., 65*. 

^ * See Gill, J: Iron Steel Inst., 1882, 1., 63. • ^ 

* KekU and Soballer, Bulfi Dept. Geol, Univ. California, 1901, a, Sf 6. « 
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Many minerals are knqwn in which ferric*oxide is associated with 
other /fietallic oxides. TJius Arizonite or ferric f t f ita»ite, Ffc 2 0 3 .8Ti0 2 , 
is aalark, steel-grey mineral found jnjArizona. 1 

Plumbo-ferrite" (Pb, Fe, l'u)0.Fe 2 0 3 , occurs jn^weden and elsewhere 
as hexagonal platA, in appearance like molybdqpite^but yielding a pale 
rcd*streak. 2 * * ' 

t Cuprous ferrite, CuFeO, or Cu 2 0.Fe 2 0 3 , “occurs as the mineral 
delafossite in Arizona. 3 It‘yi«lds tetragonal crystals, 

* , , • * i 

“ * . a ! c=l : 1-04; • 

of hardness 5-a*; black, with Hfpcjc strpak, and non-hurgncttyc. 


CAR HON*ATF,S. 

* • 

Ttycse consist essentially of ferrous carbonate, FeC0 3 , the purest form 
of which is spathic tfon ore, which occurs both in the ery»talli»t and the 
massive form. It is mined in Russia,' Poland, thi^ Balkans, Styria 
(Austria), Westphalia, and bthur parts*of Germany, fts phosphorus 
content is low, but a considerable quantity of mangSncsc is present. 
It is usually of a light brown wdour And is possessed of a pearly lustre. 

Stvrian ore is obtained J>y quurryii1g,«thefc being three*kinds of 
veins, each several yards in thickness, the richest of # wtiiclf contains 
some 15 per cent, of metallic iron. In 1913 the production of ore 
amounted to 1,950,000 tons. It is estimated tltit the reserve of rich 
ore exceeds 200 million tons. It is practically'free from sulphur, con¬ 
tains 0 01 per cent, of phosphorus and 2-23 per cent, of manganese. 4 
‘ When crystalline, spathic ore is known assiderite or chalybite. The 
crystals belong to tly hexagonal system 

, . , fl--=0.81715, 

and Plornwtdl has yielded many line specimens. 5 

•The theoretical percentage of metallic iron is 18-3. Hardness 8-5 
to 15; deputy 3-7. to 3 0. it is brown or grey in colour and 
leaves a white streak, “if readily oxidises when wet, bding converted into 
limonitc. Hitlerite from EaSt Pool .Mine, Cornwall, has been found 
containing cobalt,* nickel, tuul even indium and rubidium in small 
quantity. 9 “ * » • * • 

• The spathic ores of the Brendon Hills,"West Somerset^ were itt one 

i time worked largely for tfic manufacture of Sph-gcleisen, as they con¬ 
tained some 12 |xt cant, of manganese, probably as carbonate,‘since 
f&rous and manganese carbonates are isomorphousV" The ore was 
worked in, early times, perhaps by the Rormftis! • * 

Staffordshire, West YorksBirc* and Smith Wul<j>, yield Tan argil¬ 
laceous item ore, also* known aij clay, iron “stone, which, contains some 
10 per cent, of clay and frtnn 80 to 40 per cqpt, of metallic iron. The 
Staffordshire ore has many local names ; when found in concretionary 

1 Palmer, AWr. J. Sci., 1009, (4), 28, 3{3. c * * * 

1 Igelatrom, Jnhrb. Min., 189C, I., Kef. 1*5; from Ocol. For. Forh., 1894, x6, 594. 

* Rogers, Amtr. J. Sci., J918, (4), 35, 290. 

4 Nagel, Iron Age, 1914, 94, 4^. • 

4 Hntobinson, Afift s. Mag., 190?, 13, 209. . 

* Hartley and Ramage, Trans. Ohem. Soc- 1897,71, 533. • « 

• . T 8ee Morgans, TYata S . Wales Inst. Ena., 1870, 6, 79; Quart. J% QwL Soc., 1809, 

&m. * « * 
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and globular masses it is called sphaero-siderite. * It contains about 0-25 
per cent. oTphosfihojys. Qevelaiyl Iron atone is one ttf the^Iowest 
■grades of ore worked for iron in this country,,;md contains about 88 
per cent, of metallie*ir%n. It occurs in bands m the Middle Lias, the , 
most important hand •bcinft nearly 20 feet thick.** Its phosphorus 
content is higft, averagyig 8 75 jar cent* The hluish-grccn colotrt" of 
the ore is due to ferrous silicate. , Traces <jf zinc, gallium, nickel, and*, 
cobalt have been detected in the ore . 1 • , 

yndA the microscope the ore ha* an appearance suggestive of 
, oolitic* limestone? ‘frdhi which it has very probably hpen formed by 
% molecular replacement of the calcium carbonate by fereous carbonate, 
through the infiltration of waters containing the latter in solutiuj). 1 * 
Beneath the brown hamjatiteSeres of Northamptonshire, 8 n import" 
unaltered ferrous carbonate deposit oecufti which is bluish or greenish- 
grey in jippearance. The (JU[fth at which it, lies represents the*depth 
to whieh’weafliering or oxidation of the upper la\Trs has occurred. 

A clay irun stone containing some 35 per cent, of iron has been 
worked from Roman times, it not outlier, in the Weald of Sussex and 
Kent, ehnrcpal Tuing used as the fuel. 

* In Linlithgow and Lanark a clay iron stone occurs, impregnated 
with soiqe 15 per cent, of'earbonaceuus •matter. It is, also found in 
North jjtaffordihire and in Soutli* Wales, and is known as blackband 
iron stone. The carbonaceous material present is often sufficient to 
allow the ore to be *:Jeiiicd without.thc further addition of fuel. A 
product containing 50 to 70 per cent, of iron is yielded. , 

An ore. containing magnesium carbonate in the proportion repre¬ 
sented by the formula 2Fcl'0 3 .Mg('0.„ is known as sldero-pleslte, and has 
been found at Salzburg and in Nova Scotia . 3 Pisjotnesite, l'YC'0.,.MgC0 3 , 
is found at Salzburg and Piedmont ; and mesitite. 1 FeC()...2Mg('O a , * 
at Piedmont. Ankerite is 2Ca('O,.Mg('0. ) .Ve4'() 3 . * * ". 

• 

SULPHIDES. 

Iron pyrites, tyrite, marquisite, or njundic is the name given to a 
brass-coloured sulphide of iron to which the formula FeS s is usually 
t ase^bed. It often occurs in coal, and is known by* niipcrs us “brass” 

.* or fool’s gold." .The spontaneous eonifhistioi^of coal is frequently 
facilitated by the oxidation of iron pyrites Jo iron sulphate . 5 It oftfii 
crystallises in cubes,^he Wes showing striations; but a very ejmrac-* 
tcristic form Js tin; pentagopul dodeephrdrmi, usually termed^ the 
pyritohedrog. Hardee,ss 0 to 0-5; density I s to 5-2. It leaves a 
greenish # or browhish-hlac* streak. » ( • 

Peruvian pyiites is ealfcd stone of the Incas, because the*ancient 
sovereigns of* Pent attributed great, virtue* tft.it. ilinfts* amulets, 

• • 

1 See The Geology of North Cleveland, 4>y Barrow (Mem. GeqJ. Survey), 1885; The 
Jvras*ic flocks df Britain, by Fox-Strangwaya (Mem. Geo!. Survey), J882, vol* i.} TJut 
Iron Ores of tifreal Britain, by Dick fMem* Geol. Survey); alao Scrivenor, Mi*. Mag., 
1903, 13 , 348. 

* Sorby, Proc. Qeo9. Polutrch. Soc.. West Biding, 1858-7, 3 , 4«0 : Proc. Geol. 80 c.. 

1878-9, p. 56. • • 

' 1 Loma*JVanrt. New Zeal. Inst., 1878-9, 5 ,50. • * • 

* Breiflhaupt, Pogg. AnnaUn, 1827, II, 170; 1847, 70 , 148; Gibb«, ibid., 1847. 71, 
>*M 8 { Ruling, ASnakn, 185$, 90 , 203. 

* O— +k& VrilniDA VTT 
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mirrors^ etc,, were ma'de of it. A ccntuiy ago iron pyrites jvas used in 
this country to a considerable extent, for ferpinine, yrndmentsd ■' 

pyrites occurs in rqpks of all agos, both eruptive and sedimentary.. 
In sonic cases it is evidently an original mineral, whilst in others St 
has been formed us a secondary product .' Lange quantities are found 
in Spain and are* used in the manufacture of sulphuric acid, ferrous 
esulphatc, and ferric oxide. 

Iron pyrites is found in irftisses in the “ twenty-inch ” coal seam of 
the Forest of Dean, thf masses being locally.'called. “ dogs'.” ft is 
common in coal measures generally, having probatjly' been forilied by', 
the reducing action of organic matter on‘waters charged with iron, 
sulphate in solution. Explosive pyrites is the name given to a variety 
<ff pyrites'found in Cork, which decrepitates violently upon application 
of gentle heat. The decrepitation is due to the presence of carbon 
dioxide under high pressures confined in fninutc cavities in the mineral.® 
Decrepitation usually begins at about 80° to 35° C., aiM iffias been 
suggested that the explosions. which sometimes occur i», domestic grates 
may be due to the presence in thv coal of this v.friety qf pyrites. Fre¬ 
quently metals other than iron are associated with pyrites, yliief among 
whieli are copper, nickel, cobalt 1 , tin, golcL thallium, and silver, * 

When oxidised by weathering, the filial ptodul't of pyrites isjiydrated 
ferric oxide or rust, as stated above, but the method of oxidation jjepends 
upon circumstances. In the absence of carbon dioxide or carbonates, 
it is usual 1 for oxidation to ferrour sulphate to li^sr take place ; whence 
the mineral /'opperas or mclantcritc (see below). This, in course of 
time, oxidises to limouite. In the presence of carbon dioxide, however, 
it appears that the sulphate is not lirst, formed, but the readily oxidisable 
carbonate, which is then converted into limouite. :l 
1 The presence of pyrites in mineral coins is frequently betrayed by 
the bpAvn, rusty appearand- of the upper parts of the deposits. This 
is well exemplified in the ease of certain copper lodes, the iron of the • 
contained copper pyrites having become converted into hydrated ferric 
oxide or rust, - .Inch withered zojies are known as gozzans, and fre- - 
quently present a cavernous pr honeycombed appearance, due to the 
removal of pyritie material. I 11 France the gozzan is termed the 
chapeau de fer , t and in Germany der riserne Hut, and an old adage 
states that 1 e • < , »\ 

* 1 A f,odv that wears no iron hat , 

Is never likely to he fat.*' 6 

Sfarcaslte or white Win pyrites is the name given to nflioml»ic variety 
of pyrites which occurs "in concretions, knowp locally as “Aairy balls ” 
ana “ thunderbolts," , Its f crystallographic elements aVe 5 

• * r 

* « 0 > a * b ; e=0-78C2 : f 1 1 -2842. , * 

1 A. ' 

The exterior of' the nodules is qften brow'nish, but when broken 
jpen they exhibit-a radiating structure, usually pa|c ycljow in,,colour, 

t f V 1 

* See Gems, by Castellani, translated by BVogden (London, 1871). 

1 JfJRunt, Tram. Chem . 5o< , 1885, 47 , 593. • 

* Js.W. Evans, Min. Mag., 190P, xa, 371. See also We&d and Penrose, J. Otology, 

89i« y, 888, * * f. (, 

See Hndler, A Handbook to a CoUtclion of the Minttalt of Uu British Isknds. WAS 
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although Mire mareasite is probably tin-whit? in appearance. 1 It 
rapidly 1 tarnishes,* andpt is difficult keep a fracture bright for museum 

•purposes. Concretions of marcastf* are found, in chalk and in many 
qlays. Hardness 6 Wv6*5 ; density 4-7 to W8. s t 

* • Owing to its jagged ofttline mareasite is lrcquently known as 

cockscomb pyfites and qpear pyrites. ' •' 

Cofialt-nickel pyrites, (Fe,Co,Ni)S t , has been found in Westphalia* 
as small cubic crystals, stcel-grcy in colour, giving a grayish-black 
stregk. 8 * Density 4 -1 ;.Hardness 5 to 5 ■&. Irog nickelpyrites, (Fe,Ni)S„ 
.‘occursfin Nor,way** t arfd in the Sudbury district, Ontario 5 
. Pyrrhotite or magnetic pyrites." F<yS,*or 5FcS.Fc,S a . * slightly redder 

than ordinary pyrites, from wjiiclf,* however, it may be readily dis¬ 
tinguished, both on account />f itslnagnetie properties and by Its ereatdk 
softness. Hardness 3-5 to 4-5; density 4-4 to 4-7. It occurs in 
Cornwall, in the lavas of Vesuvius, and in various other parts of Kutope ; 
in Canatfft and*the U.S.A. Two varieties are known: namely a-pyrrho- 
titc, which is rhombic; and pyrrhotite, which is hexagonal. 

* Troilite, FeS, is biAwnish in colour, and occurs in nodules in most 
meteorites cpntaining iron. Hardness 4 ; density 4-7 to 4- 8. 7 

* Coppgr pyrites or chalcqpyrite, (Ai 2 S.Fe 2 S.„ is a brass-coloured 
sulphide jvhieh erystullfses fti the tetragonal system, lmt js isomorphous 
with pyyites, since its erystallographie elements are “ 

• a : c 1 : 0-9853. 

. • 

It yields a greenish-black streak; hardness 3-5 to 4; density 4T to 
4-3. It should contain some 34 0 per cent, of copper and 30 5 pe¬ 
ewit. of iron ; but the percentage of iron is frequently higher, due prp- 
bably to admixture of iron pyrites. Topper pyrites constitutes the 
most'important copper ore in Cornwall. It. is found also in Scotland, * 
Sweden, and many other parts of Europe, fn Australia! and thef IJ.S.A. 
Bamhardtite, 2 ('u 2 S.Fc 2 S 3 , resembles the previous ore pi Appearance, 
and receives its name from tjie place of its discovery, aumcly,»D&rn- 
hardt’s Land . 9 A varying mixtuiy of sulphides of tsou and copper 
is present in the mineral known variously as enibescite, Bornlte, »nd 
horseflesh ore. The name Bornite was given in honour of Ignatius 
von Born, who had charge of the mineral collcotidh in Vienna. It is 
not |i happy namt* however, sine* it is TiubleAo be confused with 
bournonite,.a thio-antimonfte of copper anjj lead. Its copper content 
rangys from 50 to 70 per cent., and its ifon from 6 to 20 per cent. JVhen • 
fresh its fractuje is reddish hjown, but, if tarnishes rapidly, yielding 
peacock colours. Cr\ sJaUine forms (oubie) oefur in Cornwall, chieHy 
at the Cgrn Bred! Tincroft, and Copk’j Kitiflicn, mines near Redruth. 

1 H. N. Stoker U.8. Gtol. 8u rfey, Bujlelin No. 180, pK) 1 . f . 

1 The chemicaiconstitution of mareasite is diloussed on p. 144. The sunaco characters 
ot pyrites and mareasite, as esamined through the microscope, lire described by Pdschi, 
Ztdtck. KryM. Min., 1911, 48 ,572. • 

* Hej%lein. C*otr. Min., 1914, p. 129. 

• Vogt, ZetttcA. KryM. Min., 1895,4(4, 1M. 

‘ T.l. Walker, rimer. J. Sci., 1894, (3), 47 ,312. 

, . >• Bee Breithaupt, A prop. Ohtm., 1835, 4 ,265; Rammeltberg, Fogy. Aniudtn, 1864, 
»l,437. • 

' Haidi&er, Sihungtber. K. A lead. Wit*. Wit% 1863, (2), 47 , 283; Smith, Amtt. 1, 
SdfimM, 156; Meonier, Ann. OMm. PA*a, 1869, 17 ,36. 

4 • Prior, in** Hay., 1904, 13 ,217. 

-•Abnth, Arter. J. 1856, > 9 ,17; 1859, * 8 , *17. 
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Hardness ^; density 44 to 5-5. Tfie usually accepted formula, 
Cu,FeS 3 , waS based on analyses of £ornisb crystals, *but the Canadian 
milheral 1 corresponds r»ore eloselyet* Cu 5 Fe.S 4 . 

In this connection it is interesting to soft 1 that Roman coins 
•and other bronze objects which were thrown iato certain thermal 
springs as votive’offerings and have since* beep examined are fourgt to 
•have become partially converted into various sulphides of copper, 
including chaleopyrite and cAubcseite. 

A double sulphide of gopperaand iron known as Chalrnersitet CuEe t S s , 
occurs in the ore deposits of the Prince of Walts Sciund, Alaskh,* ana, 
in small quantities in Brazil*, ft i<* massive, pale yellow in colour,* 
and strongly magnetic, which latter property enables it to be readily 
Separated from the copper pyrites witli wliipli it is intimately associated. 
Density 4 04 to 4 08. The crystals are rhombic, 

** *(i : b ■. <?—0-5734 : 1 :t)-9G49, , ,• 


and isomorphoys with copper glance. * * , 

Cubanite, CuS.Fe,S a , is a bronze-coloured mfiieral found 4 in Cuba, 
whence its name. Hardness 4, density 4 0 to 4-2. 5 * , 

A black variety of blende* occurring in Cornwall 8 and glsewhcft 1 , 
is known as tp^armatite , 7 and lias the eotnpoSition corresponding to 
4ZnS.FcS. • . * # 

Pentlandite, a double sulphide of iron and nickel approximating to 
2FeS.Ni.St occurs as cubic. l>n*nzc-colourcd crystals in Argyllshire, 
Inveraray, and Cornwall. Hardness 3-5 to 4 ; density 4 0 . 

Arsenical pyrites 8 or mlspickel, FcS 2 .FcAs 2 , containing 31 per cent, 
of iron, occurs in rhombic crystals, with frequent twinning, and of the 
following parameters^— 

, (> a : b : =1-7588 : 1 : 1-4793. 


'It is a grejsmineral; hardness 3-5 to 6 ; density 0 to 0-4. It is found 
in Dqyon an if Cornwall (where it is worked on a small scale), Silesia, 
Norway, Swedga, and, U.S.A., and eohstitutes an important source 
of, arsenic. If cqbalf ‘is also present the minefal is known as 
glaucodote. 6 .When struck \tith a hammer, mispiekel possesses the 


characteristic odour of arsenic and is hence known by Cornish miners 
as arsenical mirtrdlc <*r simply as aivenic. The ore readily oxidises, and » 
when weathered gives rise to arsenates suehTts seorodite, etc, (see bflow). 
Pacite 10 consists of rln*mbic«crystals of FeS a ?4FeAs 2 . 

^‘double sulphide #f inon and chromium, FeS.Cr a S s , occur 
rare mineral daubreelito 1 1 assdbiated witfi troilitc. *It po?Sesses a 

i_ t _ki_ l, : _ i _, i, . 


metallic lustre, is black ia colour, but not nfeg'netie. 


occurs af> the 
brilliant 
Density 5-0. 

1 Harrington, Amer. J , SeL , 1903 , ( 4 ), 16 . 151. • See also analyses <by Kraus and 
Ooldsberg, Sub, 1814, (4k 37 , 539, ■ • 

* Johnston, Hern. Okol., 1917, 12 ,519. • 

* Hussak, Centr. Min., 1906, p. 332 ; 190C, p. 69. 

* Breithaupt. Pogg. AnnaUn, 1843, 59, 326. , • a 

* Saheidhauer, Pojp. /tnanlra, 1845 , 64 ,280; ScknaWor.J. prat/. CAant., 1^95, (2hS2,565. 

' * Churob, J. CAtm. Soe., 1866, 19, 130 ; Collins, jf. 

* BoOttingault, Pogg. Annalen, 1829,17,3f" 


, Jlfin. Mdf., 1879, 3 , 91. 


• Soe aoalyieiaml crystallographic studios by Soberer, Zti^cA. Kryti. M ia., 1893,21,354, 
■ » Breithaupt and Pfattner, Poagl Annaien, 1849, 77 , 127 ; Breithaupt, J. fra*. CAem., 
1836, 4 , 258. See also Fletcher Aft*. Mag. 1904, 14 , 54. * 

‘{•Brelthanpt.Bm- and Hititn-nanniicAe Ztiiung, 1866,25,167. 
v J. U Smith, Jyatr, J, Set., I8f8, ia, 109 1 1878, 16 , 270. , 



. ' THf! MINERALOGY OF* IRON. 28 

Mi^ell’anbous .minerals containing'iron. 

at « • 

Copperas or melqptfrite, FeS0 4 .7fI 2 0, occurs in nature as the result* 

the oxidation of pyr^es or niareasite. „ It yields greenish, nionoelinie 
Crystals, of Imrdness 2, and density when pure f-S32. A rhohiinc 
vafiety of the hej)tahydrate is known as taurfscite. Heat decompose* 
the heptahydrates, yielding at 200° to ^50° C. the mtyiohydrate, 
FeS0 4 .H a 0, found in ityfure ms ferropalfcufite, 1 mid at hijjh temperatures, 

• fcritc oxide. . Cflppenas is isomorphous with l/oothite, (jiS0 4 .711,0, and 
with pisanite, 2 (Fe, Cu)SO,.7lf a 0, whi^fl lutter occurs*in California as 

* blue, transparent crystals. Coppctas has also been found as a*blttish 
greey crust on limonitc in CarifitJiia. 3 Its density is 1 H to f-95. Tlfe 
‘isomorphism of these minerals is evident from the following duti:— 4 

# # a : b : c [j*B 

MHnutcritc . . 1-1828 : 1 : 1-5-f-Vr 75“ M'. 

Pisanite % . 1-1070:1:1-5195 . 75° 80'. 

Boothite .• *. I 1822 *1 : 1-5000 71° 24'. 

a 

411 these minerals lose 0 molecules of water at 200“ to 250" C. 

SalvitHorite, Fc\S0 4< 2('ul>(F|.21Il a 0, appears to be a dimorphous 
variety iff pisanite. 5 A ferric sujphale, Fe 2 (SO 4 ) 3 .9lI 2 0, occurring in 
hexagonal pri.sfhs in Coquimbo is known as Coquimbite." It is white 
to yellowish brown id colour. Janosite 7 is a greenish yellow efflores¬ 
cence occurring in Hungary, and possessed of the same composition. 
It crystallises in rhombic plates. The decahydrate, Fe 2 (S() 4 ) 2 .10H,D, 
oeems, as nionoelinie crystals in quenstedtite. Ferronatrite (see p. 102}, 
Na 3 Fc(S0 4 )j.3lI 2 0, occurs as a greenish-white mineral in Chili. 9 

Hplotrichite 9 or ferrous alum, FcS0 4 .Al,(90 4 )j.2tII 4 0, occurs in * 
several localities, including Persia, where it is used by the natives for 
making ink. In Baluchistan it occurs as a wlyte infiorosarnce on de¬ 
composed slate, and is used for dyeing, its local name bifyig khajhal. 10 
It has recently been found in'Klba in fibrous qiasses,#^hite or faintly * 
blue in colour, ami possessed of a silky lustre. * Density 1 *90 ; hardness 
2-5. Analysis shows a slight deficit of witter due to partial dehydration 
in dry air." , , 

a. Other suljihates are copiapite,^ 2 8Fe 2 Q 3 .8SQ,.271IJO 13 ; amaran- 
tfte,4 Fe a 0 3 .2S0 3 .7f! 2 0 ; fibroferrite, 15 Fe 2 O 3 .2SO 3 .l0H 2 O ; casta nite/* 4 

I Scharizer, Ziitnch. Kryat. ifin*, 1903,37, • • 

* Ciaani, Compt. rend., Is59,48,807. • a . ap 

7 Leitmeier, CmJk. Mir?, 1917, p. 321. See afro^lom, /brncr. J. Sri., 1914, (4), 37,‘40. 

* Schaller, Bull. Dept. Ucoi. tibia. California, *1903, 3^191. 

* Hertx-lZeitacA. Jfryal. Jfin.,1896,36, 10., I " • . * 

* Rose, Pogg. Annolen, 18X3, xj, 310. * 

7 Bockh am lynszt, Abatr. Chain Soe , 1905, ii. 536. • • • • 

* Mackintosh, A mar. J. Sci., f889, 38, 244. • * . 

9 Rammebberg, Pogg. AnnSlcn, 1848,43. 399: Clark, Amer. J. Sci., 1884,38, 24, 

» Hooper, J. Asiatic Soc. Bengal, 1903, fa, 236. 

II MillA»vich,t4tti RSAccad. LinceiAdlb, 15), 34, ii. 561. • 

'* Smith, Amer. J. Sci., 1864, 18, *76;yMaaaeae, Jahrb. Min., 1913, I., Ret. 888; 
Darapeky, Jahrb. Min.. 1890,1, 62; Mackintoah, Amer. J. Sci., 1889, 38, 242; Scharizer, 
Zeitech. Kryat. Min., 1913, 53, 372. * 

’• •Formula given by Wiirth and Bakke, Zaitach.*anorg. Chem., J914, 87 , li! Sea 
afro p. 161 .* 

In alltuion to It* red colour (Mackintoah, Amer. J. Sci., 1889, 38 , 242). a 

i >* Rom, Pool?Annaltn, 1*33, 37 , 316; Frldeaux, Phil. Mag,, IMlt 1^397: M —rrr. 
Zeilach. Kryet. Min., 19hl, 49 ,202. “ Darapaky, Jahrb. MelL, 1890, 3 , 287. 

a . ■ • I ‘ 



M iron’and its compounds. . 

Fe,0,.3S0,.ClIt0; botryogen,' FeO.MgG.Fc.fSO^.l^IjO^/^ritt,* 
Fe (SOAl2HoO; planoferrite, 3 FojOj.StJi.loHjU , Py® 16 * 
SSaAOlLO. Iron associate with tellurium occurs asdurden- 
ite 5> FeoOa.BTeOj.iHsO, in Honduras, and as emrrfonslte in Colorado. f 
‘ .Rhabdite is a'prystallinc phosphide of^iron»app»oximating in com- 
msitfon to (Ni, Fe) s P. It is found in meWontys in the form of muuite 

tetragonal prisms.’ Density 6-8 to 6-8. . 

Vlvianite, 8 Fc 3 (P0 4 ) 2 .8H 2 0, occurs as monodimc ervstals isomor- 
phous with crytlfrite, C*,(As03) 2 .8H 2 0, and perhaps also wilh.apna- 
bergite, Ni 3 (As$ 4 ) 2 .8II 2 0. Its^stallographic elbmcftts are 

• , a : b : e=0-7489 : 1«*0-7017. 0=75° 84'. 

Some 'specimens obtained from Contwull *re beautifully crystallised, 
possessing a pale, bluish grc?n tint. Others are nodular deep blue m 
roloifr* pulverulent,.and sometimes enclose crystals of darjc brown 
colour, which exhibit a reddish hue by rejlceted light. RotliMie green 
and the brown Npecimcns yiald the sam<i results upotf analysis, so that 
their difference in ,colour is most probably due to a difference in the 
degree of oxidation of a small portion of the iron. Tli? crystals offer a 
very perfect cleavage parallel to the clinp-pinacoid. The pur# miner&l 
is probably colourless, the tihts usually observed being dye t# some of 
the iron becoming oxidised. The‘density ranges fwm 2-6.to 2-7. 
Some good crystals have yielded the value of 2-5IJ7." 

The mineral was discovered by Vivian, in Cornwall, whence its name. 
An earthy variety found in pent mosses is known as blue iron earn. 

• In paravivianlte, from Russia, 10 part of the iron is replaced by 
manganese and magnesium, thus (Fc, Mn, Mg)j(P0,) 2 .8H 2 0. KertS- 
cherdtc, (Fe,Mn,MglQ.Fe 2 O 3 .P 2 O 6 .7lI a 0, likewise found in Russia, 

occurs as very dprk green crystals. LM/pnwnnn 

Tdfnanlje," the samf mineral as anapaite, (ta, Ie) 3 (P0 1 ) 4 .41I 2 0, 

occurs in pale greenisfi crystalline masses. 

■ An nnhvdtoiLs mixed phosphate of manganese, calcium, and divalent 
iron occurs a* LTraftonAm (Fe,Mn,Ca) 3 {PO.,) 2 , which pceurs as salmon- 
cotoured, monpclinfe crystals,the crystallographic elements ot which are 

a :t> : c = 0-88(6 : 1 : 0582. ^=60°. 

• TriphyUite, Li (Fe,Mn)PO„ occurs as light gre«i, rhombic crystals,* 
, which become dark through oxidation. 13 

-.aar^E 3 , « " 

fc. ' 272 ' SdhariJr, lee. cit. 

« Dthvtky, Zeileeh. Kryst. Min.. 1898, 29, 213. 

» DerepLy. Jdhrb. Ms*, 1800,1., Mom. 49. # 

! i»2 : Prdc - Colorado Soc " 1885, 2 , i. 20 i 

After. J.Sci.,\m (4), 18,433. 

• 1850 *’ ,84: 

,4 V * 

■* Popofl, Centr.Jiin-. 1906, p. \J2. 
n PopoS,ZcilM*.Krjul. M\n., 1903,37,267. ___ 
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* ' • • 

LUdtamJte is |i green hydrated form of ferrous phosplytte found in 
Cornwall 1 * * and elsewhere. On heating it disintegrates into bluish green 
plates, in contradistinction to vivirfhtte which tut .is white and exfoMtes 
tender similar tleatm&it# • , 

* Ferric phosphate oertirs in nature as phospho-sideijle, 4FcP0 4 .7]-J/),' 
andstrengite,FcPO,.211,0. ‘Possibly these two minerals are thesame.* 

A basic ferric phosphate, known a$ Qufrenite, 8 * Fe,(OH) s .(PO t ),* 
is found # as rhombic qyyptals, dark green in colour, and named after 
# Duf(£noy, the Fycneh mineralogist. Hardness 8-5 to *4 ; density 3 2 

• to 8-4* A ferric jJhosjtoiate, Fe 2 0 3 .P.0 i .ttfI 8 0 or FePO,(311,0, occurs in 

• monoclinic hecdles as Koninckite*in jfelgium. 4 # 

Beraunite 5 * is FcPO,.2Fc,(PO,)(CJII) 3 .4lI s O, and occurs ip rCddisb 
brown monoclinie crystals. • Chilnrenite “ is a hydrated phosphate of 
iron and aluminium with a little manganese. It crystallises in yellow 
or browy rhombic prisms. • When more mangiuiesc is present* the 
mineral is*calk*! eophosphorite. 7 

Ldlingite, h’eA^j, oijj'urs in Saxony and Norway in rltombie crystals. 
Hardness 5 to ^-5 ; density O H to 8o. Greyish in colour, it gives a 
greyish black streak. When heated in lyi open tube a white sublimate 
of arsenisus oxide or “ white arsenic ” is obtained ; in the absence of 
air metallic apsenie is volatilised to a datk sublimate. * 

LeucQpyrite,*Fc.\$.FcAs 2 , resembles the previous mineral in appear¬ 
ance, hardness, and dipisity. # 

Berthierite, 8 FcS.Sl* 2 .S 3 , occurs in* elongated rhombic prisms of 
density 4 to 4 3 ; hardness 2 to 3. It has a steely appearance, lleated 
in air, oxides of sulphur and antimony are evolved. It is readily* 
soluble in hydrochloric acid, evolving hydrogen sulphide. 

Scorodite, 8 FoAsO.,.211,0, occurs as pale grsen or brown riiombic 
crystals of density 31 to 3-3; hardness to 4. Jt, owes it* name 
(Greek skorndon, garlic) to the fact that, wifen heated, it # emife the 
characteristic odour of arsenic. It. occurs in Cornwall, and in a readily 
oxidisable form as a deposit, from certain geysers jn ‘Yellowstone 
Park, 10 U.S.A. \ hydrated arsenate of iron atirl alumiiTiilm is known 
as Liskeardite. 11 * • ’ s . * 

A basic arsenate, 2FeA$0 4 .Fc(01I),.5lL0, is kmpvn as Iron sinter, 

, or pharmaco-siderite in consequence of t{ie pojjonoue character of 
arsenif (Greek phunmikon pqison). crystallises in small, green cubit 
crystals, for which reasjm it,is also knowp as tube ore. 18 

A.hydrated arsenate of iron and calcium from Yukon is teftTu-d 
Yukonite. Its y<*ni[>osition approximates to lS (C$ 3 ,FeJ)As,O s .2Fe(On),. 
511,0. It is brownish olacjjj resinous, a ltd amtyphous. Density c. 2'fl 6. 

I Maskelyne end tjjight, J. Chtm. 8oc., 1871? 24 , 1 ; Fukucln, Britr. Min. Japan, 

1912, No. 4, 192i ' Bruhtis and*i!usz, Zeitsch. Ihryst Min., J690 ,nf, 688 . 

* Kinch and Batter, Min. Maf, 1887, 7 ,08 ; Kinchpibid., 18*9,8,112. 

4 Ceahro, An ter. J. Soi., 1888! 29 , 342. 

4 Strong, Jahrb. Min., 1881, 1 ,102; When?, Proc. V.8. national Museum, 1914,47,001. 

* Chnrdh, J.Cttm. 8de., 1873, 26 , 103; L5vy, Brandts J., 1823, 16 ,274; D ragman, 

Min. Mag., 1915, 17 ,103. c • 

’ Break and Dana, Anur. J. 8ei., 1878, 16 , 35; Dregman, lac. cil. 

* Berthfer, Ann. Chitk. Phns., 1827, 35 , 381; Fogg. AnnSlen, 1827, II, 478. 

* Bournon, Phil. Trans., 1801, p. 191; Damonr, Afi 1 . Chirr. Pips.. 1844, 10 , 414. 

14 Hague, Timer. J. 8ei„ 1887, (3), 34 ,171. * 

14 AaakolVne, Nature, 1878, 18 ,426 ; Flight, Trans. Chtm. Sots 1883, 43 ,140. a 

II See W. PhiBpa. Trans. Jltol, Boo., 1811,1 , 23 { Hartley, Min. Jihp.,1896, 12 , iA. 

“ •HyireB aroyB' F, DaOzfchem, Trans. Bey. Boo. Canada, 1918, (31,7,14. ~ 
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Ferrous tantimonatc, 2Fe0.Sb 2 0 6 or FeSb0 3 , is found 1 % the cinna¬ 
bar gravels of Tripuhy, and is termed TripuhytM It is dull, greenish 
yelRtw in colour, possessing a wftAry-yellow streak. When heated, 
antimony oxide \*aporiscs, having ferric oxide*b(?liind. * Density 5-82j* 
Derbylite is ferrous antimonate associated With “titaiyite, 2FeSb0 3 . 
5l-e fi0 3 . It crystallises in the rhombic system, its elements bigng. 1 2 

n : b : c =J0-9CG12 : 1 : 0-55025. 

* , . • 

It is black in colour, with a resfhous lustre. * , . 

An ortho-si|ientc of iron, termed fayallte or ireif olivine, l-e 2 biU„ 
wa$ first found on Fayal Island m, tlfc Azores. It had crystallised in' 
kabulSr rhombs of Fc a SiO„ very simjlar to the ferrous silicate present 
n certain slags. 3 The axial ratios 4 * are • • 


• • a : It : c - 0-40000 : f 1.0-58U2. 

. •* • •' 

It is quite possible that it was simply a lump of sjag from a ship’s 

trallust. Fayafite has also bft-n (mind at*Roek|)(#■(.’' * 

Olivine, Fe 2 SiO, | ,rMg 2 Si() 4 , is a variable mixture of ferrous and 
magnesium ortho-silicates, olive greCu in colour, and of density a boil t. 
3-8 to 8-5. It is a common constituent bf rocks. • 

Anthophylfite, or magnesium irqn metasilieate, (Mg, Fi ),WO.,, crys¬ 
tallises in the rhombic system. A pure iron anthophyuite. FeSiG 3 , has 
been found at Roekport, but is rare. 6 It is wHite to light brown in 
i-olour. * • 

Sodium ’ferric metasilieate is found as acmite 7 or aegirite, 8 
Na 2 Fe 2 (Si0 3 ),. Its crystals are blackish green in colour, and possess 
the following crystallographic elements: --* 

n : b : c-VlOtl : 1 : 0-0018. 8 . 78° 27'. 

0 , - ' 

Hydrated ferric ipctasilicatcs arc found as Miillerite, Fe 2 0 3 .3Si0 2 . 

and t hontronite, Fc 2 0.,.3Si0 2 .5lI.,0. u 
Astrolite.^ JAI, Fe),Fc(Na, K) 2 (Si0 3 )*.lI 2 0, a metasilieate of alu- 
mjnium, iron, and.alkiflf metals, of-eurs in Saxony'*• as small spherical 
balls, with radially fibrous structure. 

Glauconite, tin* green constituent of many rocks, if pure, would be 
represented by* the Jpormiik KFe(jji0 3 ) 2 .II 2 0, that is. potassium ftrrics* 
Bietnsilieate.' 3 • * • 

Cronstedtite occurs in* Cornwall, associated, with vivtanite. It is 
ak-j met with in association with Misingeritc in aeieular needles in 


1 Hucisak and Prior, Min. Mag., 1897, II, 302. 

1 Hussaif and Prior, ibtf., IV0. t , 

1 CJmelin, Pogg. Atlnafan, 1840, 51 , 160 ; Hidden £nd Mackintq§h, Amer. J, Sci., 1891, 
4 Z, 439. *#e r c , • 

4 Soellner, Ze.itsck. J&yet. A/iml, 191 f, 49, 138. 1 

• Warren, Amer. J. Sci., 1903, (4), 16 , 337 ; Penfield a&d Forbes, ibid., 1896, (4), 1 ,129; 

ZtiUch. Kryst. Min ., 1896, 26 , 143. ** 

• Warren, Amer. J. Sci., 1903, (4), 16 , 337. c 

' Greek Ak a point, referring to the s^arp joints of the crystals. 

• yKgir was the ioelandic Neptune. 

- • Palaohe and Warren, Amer. J. Set., 1911, (4), 31 , 533., 0 

u Zambonini, Zeityh. Kryst. Min., 1899, 33 , 157. 

» Sue Kovif, ib\i„ 1899, 31 .523. 

c , »» Reiniwh, Ctnlr. Min., 1904, p. 108. , * 

GUnk*, ZtiUth. Kryrt. Af in., t l898, 30, 390; Clarke, Monograph 1 1.8. Oeol. S*m% 
1903, 43 , *43. •, 

» 
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cavities in iron pyrites. Its Usual structure is fibrous and radiating, 
and it ■ consists sssentially of ferrous silicate and hydfatccT ferric 
oxide. 1 * ' »• , « 

Hislngerite likewi^.- gocurs in Cornwall..as dark brown, amorphous, 
rVpform masses. Its hjrdndiss is 2-75, and density V74. It yields 
conchoidal fratturc and leaves a rust-brown streak.* ‘Its coni posit inh 
appKwamates to Ke s 0,.2Si0 2 .2H 2 0. t 

Other silicates are plnguite, 1 * 2Fe..0 a .6Si(f 2 .3lI„0 j jll a 0; hoeferite, 4 * * 7 
2 Fe a O ;) . *6iO a .711,0. » t « . . . 

• Numerous. ott*,T jjheates are known in which iron is one of the 
* constituent.metals.’ As a sourei; of irij^ they are all ifseless for com¬ 
mercial purposes, since the pereentaft# of the metal is low. , • 

Wolframite, (Fe, Mn)\VO„ iit a black mineral associated ftith cassi* 
teritc in Cornwall and ciscwlicrc. It yields monoelinie erystalif which 
may be distinguished bv tjiftr lustre and perfect single cleagagc. 
Ilardnc.ssVr-5 ;• density 7-3. r> *. 

Ferritungstite J;’c 2 0 3 .W’0 3 .CIl a O, an alteration product of Wolframite, 
is a pale ochre,“which under thclnicroscepe fs seen to consist of hexagonal 
plates. 8 • 

• Ferrous chloride is present in rihneite,*FcCI 2 .3KC].NaCl. which occurs 
in large. Tcnticular masses in fads of ijick salt at. Wolkjamshausen in 
the llurz.’and as a kiescrite-rinneite rock in Hanover. 7 * It crystallises 
in the hPxagomd system, and when a hot. saturated solution is allowed 
to cool, potassium chlfiride separates ogt. • 

Douglasite,* Fe('l 2 .‘/KCI.211,0, occurs in the Stasshp't deposits, 
associated with carnallite. Density 210. 

Ferric chloride has been found as a brown incrustation on luva, 
particularly in the neighbourhood of Vesuvius, it is I hen known as 
molysite, FcC] n . In combination with alkali cltlorides. ferric chloride 
is found as kremersite, !l KCI.NJI,(1. K<( !.,»! 1,0. and Crythrosttyerlte, 
2 KCl.FeCij.II 2 O, both minerals being found in minute ipianttilies in the 
neighbourhood of Vesuvius. . . • • 

Lagonite is an ochre-coloured incrustation enusistingeuf iron borate, 
Fe 2 0 3 .8l5 2 0 J .3lI 2 (1. It occurs as an incrustation fry lagoons in Tuscany. 1(1 
A natural nitride of iron has been fouiuf in the lava of*Etna, us the 
mineral siderazote’. 11 . • 

*• for the sake of easy reference, dhc foregoing tdiinerals are given in 
the fft'companying fables, ttigethcr with tl^ir chemical compositions 
and more important physicalcharacteristics. . 


1 Steinmann, tfgfcWw/efs ./., 1821,* 32 , 09: Mdkkelyne*aml Flight, ./. ('hem. Hoc., 
1871, 24 , 1 . • • * 

1 Churoh.J. Chem.^Soc., 1870,Vu 3. . . 1 1 ’ 

* Church, toe. cit .; glarke, AmerfJ. Sci., 1887, 34 , 133. 

I Katzer, Tmh. flin. MtU., 18951 24 ,483. • • « • 

8 Analyses are given by Wherrt. Proc. (J.8. ,\atioruA Mveeum, 1914, 47 , 501. 

• Schaller, Amtr. J. Hr.i., 1911, (4), 32 , 181. 

7 fioeke, Chem. Zeit., 1908 , 32 ,1228; Jahflt. Min., 1911,1.,48; Kinne and Kolb, Oentr. 
Min., 191P, ]). pTl SchJeider (Ccntr. Min., 1909, p. 503) found a higher vadium Chloride 
content, but this appears to have been atie t<Ahc mechanically admixed salt. 

• Preoht, Ber., 1881, 13 , 2328. 

* Kramers, Fogg. ,1 nnalen, 1851, 84 , 79. 

<• Beohi, A trier. J. Sri., 1854, 17 , 129. 

II Sihrestn, Pogg. Annalen, 1870, 157 , 165. 
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Amarantite. « 

Anapaite . 
Ankorite 
Anthophyllite 
Argillacqpus iron ore 
Amonite t 
Arsenic ® 

Arsenical miAdic 
Arsenical pyrites 
Astrolite . 
Awaruite 
Bamhardtito 


Fe i 0 3 .2S0 J .7H 2 0 
FsCa 2 (P0 4 L.4H 2 0 « 
20uC0 3 . M gC0 8 . FeCO a 
t'Mg, KoJSiO, «■ , 

See Clay iron stone* * 
Fe 2 () 3 .3Ti() 2 1 

FoS 2 .FeAs 2 r 

(Fe, Al, Na, K)Si(>3.1i a O 
Allo^ of Fe and Ni 
2Cu a S.Fe a S 8 


Berthierite . 

Bixbyite , 

Blackband . 

Blue iron earth . 

Bog ore 

Bomite V 

Botryogcn . • , • 

Brusli ore . 

Castitoite 

Chalcopyrite 

dpdmersite 

Chalybite .« 
Childrenite* ., . 

i 

Chfome {Volt oro . «. 

Chromite • «• 

Chroraifcite . 


Chromoforrite 
Clay Iron stone . 
Cleveland iron Btone . 
Cobalt-nickel pyrites . 
Cockscomb pyrites 
Oonenifce *. 

CopiapitJ* . 

Copper pyrites . 
Copperas . ^ 

Coquirabite 
Oriohtonite. «. 

Cronetedtite .* 

Cohabits . 

Cabo oft . 
DaQbroelite 

• 

EMafosstte . 


See Chromite 
feO.Cr 1 <#j , 

Fe 8 t> 8 .Cr a () 3 

« 

See Chromite 
, Impure FeCO B * 

Variety of clay iron stoifc 
(Fe, Co, Ni)S. 

Variety of mffreasita 
(Fe, Co, Ni) a C 

FoSO,.7H,a 

• • 

1, 4Fea2Fe 1 d s .3Si0 8 .4H I 0 
CuS.FejS, 

See Iron sinter « 

FeS.OjSj 

CuFeO. 

2FeSbO t ^FeTiO, 


Triolinic. 
Pale green. 


. FoP0 4 .2Fe 2 (P() 4 )(OH) s . 

c 4H a O« 

. FeS.Sb.jSj 
, FoO.MnO, 

. Carbonaceous FeCO a 
. Earthy variety of vivianite 
Kydrated Fe a O a 
. Sulphides of Fe and <Ju 
. Essentially ferric sulphate 
. Variety of limonito 
. Fe„t ) 3 .2S() 3 .8H 2 0 
. See Copper pyrites 
. V,n¥o,\ 


IvStto Spathic 01 % j 

I Hydrated phosphate of Fe 
1 and At ' 


! fthombic. 


? rhombic. , 

07-7-f per ednt. Ni. 
Missive. Bronze yellow. 

Conchoidal fracture. 
Moqoclinic. 

Khombio. t * 

Cubic. 


Brown, earthy. 

Cubic, also mossivo. 
Monoclinic. 

Stalactitic and reniform. 
Monoclinic. 

Rhombic and massive. Pale 
yellow. * 


4-5i-4-8 5-5 Cubic. 

3*1 .. Cfcbic. Magnetic, like mag¬ 

netite. 

.. Earthy. 30-40 potent. ' 

.. About 33 per cenfc Fe. * 
4-7* 5-5-5 Cubic. * • 

(i-97^ 5-5-fi Cubio. # 

.2-1 2-,^ Monoclinic. 

41-4*5 3*6^4 Tetragonal. 

1*83 • 2 Mpnoclftic. 

2 % 2-2-5 Hexagonal. • 

4-7-4-£ .. About 30 per oent. Ti. 

* 3-3-3-4« 3-5 Acicular needles. 

4-4*2 # 4 Cubio. 

R .. Massive, btyok Non¬ 

magnetic. 


Fe‘ l u s .3Te0..4H a 0 
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Name. 

tlompoSition. | % 

Density. 


' * k 

• 


Remarks, 


Eramomdto# 
Kophoaphorite . 

Erubeecite . • 

Erythroildqfito 

B&meraldaite 

Fayalite 

Ferritungstite 

Ferronatrito 

Fibroferrito 

Franklinite. , 
Geildelite . • 

Glaucodote. 
Goethito 
Graftonite . 
Halotrichite 
Hisingorito . , 
Hoeforite . 
Horse-flesh ore* 
Hydrogoethit* 
Hydrohematite 
Hystatite 
Ilmenite 
Iron glance. 

Iron, native 
Iron olivino 
Iron pyrites 
Iron sintei*. 
Janosite 
Josephinifce. 
Kamasite . 
Kibdelophane 
^Kidney ore. 
Koninokite. 
Kremeraite . 
Lagonite 
Lake or^ . 
Lllfcrite w. 
Lepidocrit*. 
Leuoopyrite 
Linmite , . 
Limoni te . 
Liskeardite. 

r Lode* tome . • 

LClingite 
Looking-glass ore 
Ludlamite . 
Ludwigite . 
Magneeioferrite 
Magnetic pyrites 

; Magnetite . 
Magnoferrite 
Marcasite* . * 

ssr*: •: 


Hydrated ferric tellurite 
Variety of childrenite 

1 richer in Mn 
lice lioraile 
*KCI.* , eCl r H 1 <> 

j Fej0,.4l(,O , 

! .See Irnn otivme • 9 

j Ke 1 0,.VVO,.«H,0 , • 

i NajFc(SO,),.3HjO • 

| Fc,( ),.2S0j.l(fti,O 

1 • 

See Zincite • 

(My, Fe)().TiO, 

(4i». FeJAeS * 

Fo,0,.-*f,0 

(Fe,Mn,Ca),(P0 4 ), 

KoSO t .Al,(SO,),.2»II,l> 

Ke,0,.2.Si0j.2H,y 

2FejOj.4iSlUj.THjt) 

J See Bomito . 

* :SI'V,0,.4H,0 
Sec T*rgitc 
1h*TiO s , 

I'VO.TiO, 

Sec Spcculnr ore 
Ke 

Fe 4 Si0 4 
See Pyrites 

2 Fe As( ) 4 . Fe( 0 H ) 9 .5 H ,U I 

Fej(SO,),.9HjO 

Alloy of Fe and Ni 
Alloy of Fe and Ni 
FeTiO, 

FejOj 

fRP0,.3H,0 
KCl.NHjCl.FeClj.HjO 
Fej0j.3Bj0,.3H,0 
Sec Bog ore 

Sillier to limnito • j 
Fibro-scaly gotthite 
FoAh.FVAhj • - 
Fe,0,.3H,0 
JFe.O.SH.O 

* rlydrated ar^nate of Fe 

,and A1 , 

See Magnetite , • 

Ft A s, 

* See Spoculargire • 
7FeO.2PjCL.9HjO 

(Fc, Mg)0.Fe,0j.B,0, . 

. MgaFe.O, 

4FoS.Fe^ 4 # # 

• 

Fe,Q 4 

See Magneaiofernte 
FeS, 

FeS.4Zn8 

FojO, 


., 5 ? raonoclinic. 

3*1-3^ 5 Rhombic. 

• 

• • • ■ L ■ • • * 

.. Red, rhombic crystals. 

€-58 2-5 Coif black, vitreous. 

1 hexagonal. § * 

2-5 2 Hexagonal* 

. % .. Straw-yellow Iftiros. Silky 

lustre. 

• a 

■ • • • • * 
3*070 . . * Hexagonal. 

.VO 0 .» Rhombic, 

i 4 7 4 5-5 5 Rhombic. 

3 07 .. Monoclinio. 

11)0 2*5 Mono- or tri-clinic, fibrous. 

"l-74 2-75 Dark brown, massive. 

^2-3- 2 4 1- 3 Creep, earthy. 


• 5 .. 15 -20 per o$nt. Ti. 

1 -5- 5 5- (5 He xagojial. 

7 3-7-8 4-5 t'ubic • 

14 2 0-5 Rhombic. 

9 .. . 

I 2-8 3 && Cubic. 

2-31-2*55 # 2-2*5 Rhembio. • 

72 per cegt. Ni. # 

*. 7 per sent. Ni. 

4-0 4-7 .. About 410 per cctft. r Ti. 

•. Refctfo^m, massive. 

2-3 j 5-0 ^Monoclinic. # 

P. 1 Cubic. 

I .. Brown incrustation. 


g-8 -7 # 5-5-5 Rhombic. ^ 

2- 7 .. bight brown, earthy. 

5-£-5* 341-4 Brown, earthy. • w 

9 .. •. White, massive. Structure 

( fibrous. # 

6-8-7-4 5-5-5 Rhombic. 9 

• • * * .. 

3- 1 * 3-4 Monoclinic. 

3-9-4 5 Rhombio. 

4-57-4-65 tb-6-5 Cubic. , 

4-44-7 3-S-4-5 Two varieties, hexagonal 
and rhombic. 

4-9-5-2 5 4~6-5 Cubic. 

4-7-45 6-0-3 Rhombic. 

3 0-41 .. Cnbio. . '« 

! 4 3-6 3 6-7 fOub|j. Probably & 

hoi 
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Meknterite. 
Menaccanito 
Meaititc # 
Mioaceous iron ore 


Minctte 
Mispiokgl . 
Molysite r 
MunSic c . 

Needle iron Stone 
Nontronite . 

Ookre . ° r . 

Octihbchite 

Olivine 

Onegito 

Paoito 

Pentlandite 

Pharmaco-sidcnte 

Phosphosiderite . 

Pinguite 

Pisan i to 

Pistoniesito. 

Planoferrito 1 . 

Plu mho-ferrite . 

Puddle ore . 

PyrKes 

Pyrrho-sidorite . 
Pyrrhotit© . 
Quenstodtite 
Red fossil ofo 
Red hcomaUto 


Rhabdite . 
Rinneit© 
Roemerito . 
Rubingli miner 
RudCle 

S^mmet-bleudo 
Scoroditc 1 . 
Senoite^ -. 
Shining ore. 
Sidofascoto . 

Siderite . t 

Sidero-ohrome 

Sidero-plesite 


Smith or©,. . 
Soueiite 
Spathic or©. 
Spear pyrites 
Specular iron ore 
Sph wo-siderite . 
8treb$te . 


. See Copperas 
. See Ilmenite ( 

. FeC() 3 .2MgC() 3 * 

•• F«a 0 3 4 « 

. \ t hydrated Fe a 0 3 c { 

. See Arsenical pyritfts c ‘ 
. Fot'lj t 

. See Pyrites « 

. Sec (jJoethito r 
. Fe a () a .3Si< ) a . 5H a O 
. Variety of limonito 
. Alloy of Fe and Ni 
. Fe a Si() 4 .Mg a Ni() 4 
. See Coethito * , 

. FeS J .4FeAs a 
. 2FeS.NiS 
. See iron sinter 
, 2KeP0 4 .7H a () 

. 2Fe a O a .OSi() a .Aq. 0 
. (Fe,Cu)S0 4 .7H 2 <) 

. FeCO^MgCOa 

• Fc a () 3 .S() a .15II # () o 
. (Pb, Fe, ( t u)0.Fa,() 3 

• Fe a O a 

• ^ (, ^2 

. See (loethite 
. See Magnetic pyrites 
. Fo,(S0 4 ) 3 .10H 2 0 

• ' Ke^Oj s i 

. Ooncrie name for anb. 

' FojOj. Also given to 
turgite 

e 'See Tergite and Red 
Juematito 
. (Ni,Fe) a P 
'. FeCl a .3KCl.NaCl 

1’.5>0 4 ,1'.',{S0J 1 .I2H,0 
. See (loethite* • i 

. Fc 2 0 3 

. Velvety variety i »f Q oethitc 
. FcAb0 4 .2Hj0 
. (Fe, MnV Pb)t)/JtyO a 
. Mioacedus iron ore, 

. Fe a N 

. See Spathic ore 
! Seel’ffronhte « 0 

. 2FeCO„.MgC6 s 
. Fe,0,.Aq c 

. Variety of limonito c 
. Alloy of F© and Ni • 

. Fe00 5 t . 

. Variety of m^rcasito 
•t FR t 0 8 

. Variety of clay iron stone 
FeP0 4 .2H,0 


3*3~3*4 3-5-4 Hexagonal. 

5*2 r ft Foliated var&ty of specular 
f • ,/ron. G 0 f 


# . .. Brown incrustation. 

.. r .. An acicular variety. 
?15 .. Yellow, earthy. 

. l .. Yellow, earthy. 

00 pdr cent. Ni. 
3I/-3-5 0-5 7 jyiombic. 
r .. j An adtcular variety. 

6-3 ,. Rhumbic. 

4 0 3-5-4 Cubic, c 

$-70 3-75 Rhombic. 

2- 73 1 Yellow' gre£n, earthy. 

1*95 .. Modoolinic. « 

3- 4 . ( Hexagonal. 

„ . Rhombic. 

Hexagoual. 

.. .. Red, earthy. 

4*8-5*2 0-6*5 Cubic. 


i-1 2*5 Monoclinic. 

Red, earthy. 


.. Tetragonal. 

.. Hexagonal. 

3-3-5 Triclinic. ^ 

.. .. © c 
.. Red, earthy. o 

3*6-4 Rhombic. 0 

. 4 Hexagonal. 

AiTevonsliire variety. . 
Xbin boating on lava. 
Non-crystalline. 


Hexagonal. 

An earthy variety of limo- 
ni^) contaj^iing Mn. 


I .. 75 per cent. Ni. 

P9 3-5-4*5 Hexagonal. 

>•3 5*5-65 Hexagonal 

Concretionary. 
i-8 . • Rhumbic.. 
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Composition. 

• » 


I. 


Turgite 
Uddevalite* 
Umber 
Vivianito . 

White iron pyrifgK 
Wolframite. 

Wood iron ore 
Xantho-uidcnte . 
Yukonite . 

• 

Zincite •. 


Alloy of Fe and Ni 
FeS()*.7H a O 
FeTi< f j $ • 

I # i(Fe, Mif)l’() 4 

2R\i Stjd, 

FeS # 

• 

|2Fe.O a n.U 
FeTi <) 3 • 

I Fe,() 3 .Aq 
: Fe;(P() 4 ) J .KH,0 # • 

4 See MaieaMte 
j(Fe,.Mn)\V0 4 
»! Yftct^yif hnionit* 

* i'V.o, fn,o 
•('1, Ko,)A»,(i. 2I’< (UII) S 
; " 511,0 

i (Mn, • 


• 

Kurd 

/ 

Density 

ness 

.Moll-' 

Heularks. • 

• 

Sea io 

. # 

# __ _ w ■_ 



43 per cent. Ni. • 

. • 


Rhombic. 

4-5 r> 

5-« 

Hexagonal* 


• .. 

l\flOMll)lC. 

rgi 2 

M 4 T -1*8 



4 

Mas*ve. Possibly hexa- 



Send • 

3 ■> 1 7 

r»-<i 

Red, earthy# • 

4 S 


About 70 per ci^it. Ti. 

• 


Dark brown, ciuthy. 

2H-2 7 

l r» 2 

Monoclmio • » 


4 



► 

7 3 

f» 5 

Monoehnie. 



Fi broils. 

j i 

2 A 

Aon ular. 

2 <>r> 


Dark, resinous, maasive. 

i> 

r>r» -flr> 

CubiG. 

• 


• 


Other Sources of Mn.- It should be mentioned that iron i%a minor 
oonstitueiil in an indcliilttc number of oil,, ■r minerals ami rocks. Thus, 
it is present in small quantities in serpentine, biotite, ’hornblende, 
garnets, etc. Indeed, the mean percentages of ferrous and ferric oxides* 
in British and American igneous rocks have heen # euleidated to be as 
follow i— 1 • ‘ 1 

J . J’< 0. 

British rocks .... 5-St 2 40, • 

American rocks . . . 2-115* it t*a 

# * • 

so that the total amount of iron distributed t|prough<fot .the igneous 
rocks of the world Is very considerable. • • 

Further, the brown and red colours of soil, clay, and Sandstone are 
largijjy due to iron ; 2 sea, spring, and ri\*cr watcrs*contain dissolved 
•iron compounds ; an^ the metal also <»ders infertilefljninmfand \ cgetable 
organism, beipg an essential constituent of ha jnoglobin and chlorophyll* 
Spectroscopic examination fiWight fromSlie sun and many fixed stars, 8 * 
reveafk the presence of iron, thus showing tha* tin* mital is widfly 
diffused throijphrtit the universe. • * 

• * • • 

■ Harker.Vml. May., 1899, 6 , 22*. * * 

* On the ferruginous colouring matters of soils see Spring, fyr. Trax^ (JhqpP, 1898, 17 , 

202 . • • * • • • 

* Lockyer, Pm. Roy. Roc., 181(7, 61 , 148, 213. 
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C'.rtAPTEU HI. 

PREPARATION AND PROBERTIES OF PORE IRON. 

t • 0 

t 

Preparation . 1. One of the earliest motjiods of obtaining a pure iron 
consists in reducing ferrous eldoride by heating in «nn atmosphere 
of hydrogen.’ The iron is deposited iifthc form jjf cubic crystals of 
microscopic size. * • * «r * 

2. Reduction of iron oxide, carbonate, or oxalati* in a current of 
hydrogen results in the formation of a very pure iron. The reaction,is 
fairly rapid at fi()()° C., but higher temperatures arc more cHioftnt, whilst 
. at lower temperatures the product us usually contnniitqjUll \fith ferrous 
oxide (see p. 1 <)!>). 

li. Iron may be reduced frojn its salts by mt-ans of zinc. Thus at 
high temperatures ferrous chloride is reduced *by zinc vapour, 2 whilst 
aqueous solutions of ferrous salts are reduced by metallic zinc at their 
‘boiling-points,” yielding finely divided iron. 

f. An exceptionally pure form of reduced iron has been obtained by 
Lambert and Thomson ' by reduction of pure, colourless crystals of 
ferri^'nitrate. 6 "' The crystals were first converted into oxide or basic 
nitrate by ignition in. an iridium boat. 0 The whole was then intro¬ 
duced into p silica tube and heated in an electric resistance furnace 
to just nbov;<\H)00° l' t in a current of pure hydrogen gas, obtained by 
the electrolysis of barium hydroxide solution. 1 

5. Electrolytic Iron.- I rod may be obtained in a high state of purity 
by electrolysing a mixed solution containing 20 per cent, of ferrous 
sulphate (cahddaled as lie.S().,.7W 2 0) and 5 per cent, of magn&um" 
•sulphate (MgSO,.711,0). Some 25 grams 6f sodium hydrogen carbonate 
arejadded to every li litres of the solution, whereby a skin of ferric 
hydroxide forms aon the surface of the bath and protects the liquid from 
oxidation. A precipitate settjes to flic bottohi aiM is allowed to 
remain undisturbed, dn anode of wrought iron.is Anployed, the 
cathode being imulc of coppi’r, ftiinly sikrered and,iodised,*aiid main¬ 
tained ift rotation, d’luc best results pro obtained with a current density 
of 0 8 ampere per*sq. decimetre of cathode^and a temperature of 15° 

t 

1 Peligot. (jompt. rend., 1844, 19 , 670. 

•iPoumarede, Compt. rend., 1849, 29 , &18. s 

3 Capitainc, Compt. rend., 1839, 9 , 737 Davis, Chem. New#, 1874, 30 , 292. 

4 Lambert and ,T. C. Thomson, Trana. Chem. H for., 1910, 97 ,*2426. 

•* Prepared as indicated on pc 177. % 

• Richards (Prod? Amer. Acad., 1900, 35 , 253) prepared pure iron ia a somewhat 
% analogous manner, but used vessels of platinum instead of iridium. He state* that his 
Iron invariably obtained traces of platinum and that a tr^ce of this metal remained after , 
dissolving Uwriro® in aoid. * 
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• • • . 

to 18° C. Jhe bath is kept continuously at .work, and 20 to 25 grams 
of carbonate are addsij every three or four days. # 

Both the magnesium sulphate lad the sodium hydrogen curbortUte 
appear to be essential oonst^tuents of the <bath. .uid.the g(H>d quality 
ol-tlie metal is ntt«ibul»d to the small concentration of hydrogen ions- 
which prevents* the deposited iron from containing occluded hydrogbn. 1 

Numerous attempts have been mudc s tu prepare iron by the' 
electrolysis of ferrous ghloridc, but with fliis salt an elevatccl tempera¬ 
ture's essential for goad results, mimily, (ill, to 70 * 0*. The current 
,°densit_? ut tin- citt^odc should not exceed (i t tempera per sq, deci¬ 
metre, and* the quality of the*dg<t>sif is improved uy rotation of 
the cathode. 2 . • • ° t 

According to Noyes, tl)e minimum potential rcquireif for the 
electrolysis of an aqueous solution of a ferrous salt tit 20° C. is 0 (10 volt, 
when electrodes of eleetrolytW , °iron are employed. 2 This value folk by 
0-007 volf per degree rise in temperature up to lit) 1 * when it attains 
a minimum. .Ktukhw rise in, temperature necessitates an increased 
voltage. * 

Hicks aigl O'Shea 4 rccommcpd the electrolysis of a 5 per cent, 
solution gf ferrous chloride which ammonium chloride lias been 
added in qpllicirnt quantity to estjiblislsthe ratio • 

• * fV('] 2 : Xl’l.Cl-l : 2. 

Any ferric chloride present is reduced Id ferrous by shaking wit d reduced 
iron. A thin copper plate serves as cathode, is eleamd.with dilute 
nitric acid, rubbed with cotton-wool and sand, and linallv washed wit.lp 
potassium cyanide and then with water. Swedish iron constitutes the 
anode 4 and is placed in a porous cell to prevent* the spongy carl ion, 
which normally separates from the metal, from reaching the cathode. 
The sulphur in the metal passes into solution fls sulpliale, and requires 
removal at intervals with the anode liquor. A‘current, of 8-08 to 0-2 
ampere per sq. decimetre of .cathode surface is recommended? the 
voltage being <)-7. # The iron content of the but# should‘n»it fall below 
the equivalent of about 4 per cent, of ferrups chloride! * 

Skrabal 5 obtained a very pure iron by electrolysis of a solution of 
, ferrous ammonium oxalate, the metal bciifg deposited <gi a cathode of 
platiqpm foil. The electrode thus jlK parctrwas now used as anode ii^ 
an acidified solution oj feyous sulphatf, ansK.M.F. of 0-4 volt being 
employed, the cathode agaifi consisting of platinum foil. The metal 
thus obtained wjg white and crystalline ; it dissolved Slowly in warnfSd, 
dilute sulphuric acid, 1, aving no residue? and evolving a pure, odourless 
hydrogen.. To pfevent oxidation of the bftth,.thc electrolysis was 
carried out in ait atmosplicre of carbon dioxide, and the, cathode 
separated from*thc anode by meafls of a poijius diaphragm. "Excellent 
• 

1 Maximowitsch, Zcitsch. Elelctrochem., 1965, 11 , 52; Ryss and Bogomolny, ibid,, 1906, 
12 , 697. fcenz elettrolystal a solution of ferrous and magnesium sulphate* in 1870, using 
magnesium carWbnato to maintain neutrality. • His metal was not very satisfactory jbelng 
obtained as a hard, grey deposit containing* a considerable quantity of occluded gases, 
mainly hydrogen, nitrogfti, and oxides of carbon (Bull. Soc. thim., 1870, (2), 13 , 551), 

* tyyss ana Bogomolny, loc. cil. ; Pfaff, Ztiisch. EUldrochctn., 19)0, 16 , 217. 

* Noyes, Wompt. rend., 1919, 169 , 971. • * • 

* tiioks and O’Shea, Electrician, 1895, p. 843 ; Chem. Zenir., 1896,1., 293. 

N * * Skrabal, Ber., 1902, 35 ,3404. See also Watts and Li, Tram. 'Aim% Ekctrochem. So0 9 
f9U.as.610. , , ‘ 
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results wcr* also obtained 1 with ferrous ammonium sulphate. With 
this salt a Concentration of 70 grams of {he h^wifyfdrate (NH,) 2 S0 4 . 
FeS0 4 .tlH 2 0 per litre, is recommended, ( with a maximum cathode 
current density of 0-5 umpire per s<p doeijnetry, working at a tempera¬ 
ture of 15" to 18° C., 2 or not less than* 26'grams per litre, with 'a 
catHodic current density of 0-2 to 0 05 ampere per sq.'decimetre,,the 
J surface of the bath being protected from oxiifation by a layer ?>f solid 
paraflin, a,stirrer being employed, and the wrouglit-lron anodes enclosed 
in linen bags f 3 *or a saturated solution, with a current density of 
1 ampere at 3(j° C. 4 Aeidilietf solutions of ferrobs .Salphatc haVe been* ( 
used under various conditions,.tlfc boat results being obtained, accord¬ 
ing t<* I’faff, with a current density ot, 2 amperes per sq. decimetre at 
the ct^thfido, a temperature of 70° Ct, and, a concentration of at, least 
two equivalents of ferrous'sulphate per litre and 0-01 equivalent of 
sulphuric acid/’ *, 

Kleetrolytie iroiT deposited from solution at ordinary pressures and 
temperatures is apt lo he ajlmixcd witlj*ferric hvdiwxiife, and to con¬ 
tain hydrogen' 1 and carbon. The. last-uamed*element is commonly 
derived from the oxalates or tartrates in the baths, wlu’n t(jcsc are used, 
and as the result of transfer'from the,anodes. The carhop may be 
free, combined ns carbide, or present as deluded carbon monoxide or 
dioxide. * , r 

Kleetrolytie iron is frequently brittle, a property that is usually 
attributed to occluded hydrogenj 7 but there are probably other auxiliary 
causes." 

„ Iron lias also been obtained from solutions of its salts in organic 
solvents by electrolysis bi t ween platinum electrodes. A solution of 
ferric chloride in nethyl chloride conducts electricity well, and may be 
used tor the purpose. 1 Produced in this way, however, the nfetal is 
particularly habit lo be rorttuminated with carbon. 10 

Electrrf-dy position • of Iron on Copper.- Deposits of iron are fre- 
qufeittly applied to engraved copper plates to harden their surfaces 
and thus increase tlieiiyhfe for prinjing purposes. Various solutions are 
recommended tor *1 his purpqse. A simple one l! yielding good results 
consists of * 

* * 

Ferrouifuimufmiunvsiilpha^ . . lib. or 100 grams.® 

• Water.• 1 galldn „ 1 litre.* 

Tin* solution must lie jierfeetly neutrM* for” use. Another pseful 
mixture contains* fenjms chloride and ammonium ^jloride in mole¬ 
cular proportions to the extent Of 50 to 00 grams per litre,<>r 

1 .Sk ratal, ZtiUchrKU’ltrucheni., llfutAo, 741). 

a RyssSu^d Rf^omolnu lot cit. 

8 Am berg, Zeitsch. Dicklrodtet#., 1908, 14 , §26. c 

4 Pfaff, loc. cit. ; A. Muller, Mciullurgie , 1909, 6 , 145; Burgess and Hambuechen, 
Eketrochem. lnd. f 1904, 2 , 184; Klein, Chill. Soc. Encourag. Industrie nat, 1868. * 
15 , 28G. , c c * 

4 Waff, loc. cit. 1 Lee, Dissertation, Dresden, 6 906. 0 

• See Kremann and Breymosser, Monatsh., 1917, 38 , 359, etc. 

T See Coulson. Trans. Atner. Eketrochem. Soc.., 1917, 32 , 238 ; Guillet, J. Iron Steel 
Inst, 1914, It, 66 . < 

• W. E. Hughefc, J. Iron Steel JhisL, 1920,1., 321. 

c • Timmermans, BuU. Soc. chitn. Belg., 1906, 20 , 306. 

% 10 Archibald aftd Piguet, Trans. Boy. Soc. Canada, 1917-18, (3), It, 10 
11 See Ekcthpktfing, Barclay and Hainaworth (Arnold, 1912). c 
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FeCl s .2NH 4 Cl. . * . i lb., ■ of 50 grams. 

• Vinter t . 1 gallon, „ 1 litre.' 

This works well with a current density of 0 15 to 0 1 7 ampere per sq. ct*ei- 
metrc, the initial density beiag 0-2 ampere fmtil a thin deposit has been 
obtained on the cathod*. Voltage 0-7. The anodc^should consist,of 
pure ijwedish charcoal .ivort. These become covered with a black 
carbonaceous slime after a time, and requiiu' cleaning. It is desirable 
that, the^uiodic area s|p>jild somewhat exceed that of the cathode. 

Jilectro-depo^ition of Copper on Irdh. It*s frcqtlciflly desirable to 
protect iron by eomjnj it superficially with copper. Tlif following bath 
is recommefuh’d 8 for the electro-dewisiHon of this metal upon iron 
Copper sulphate . -,. . . (10 grams. , 

* Sodium hydroxide * . . . . 50 ,, 

Sodium potassium fait rate . . 150 

•JVatej ..*.... 10^0 „ 

with a cathode d uusitv of O f to 0 5 ampere per sq. decimetre and an 
anode density not (breeding Vttt amperes. As this bath evolves no 
dajigerous fume*, it is preferable to cyanide baths. 

• Physical Properties of Pure Compart Iron. The propert ies of iron 
are affected to such a remirrkable unit unique extent by the presence 
of small quaitli^ies of alloying elements, chief amongst which is earhon, 
that theSc phenomena arc an inqiortant study in themselves. It is not 
intended in this section, therefore, to |leal with the physical properties 
of any commercial iron other than the chemically pun ijiul compact 
metal. Kor a discussion of the physical and metallurgical properties 
of various types of commercial iron and its alloys, the reader is referred 
to Part III. of this volume. Pure iron is a whil* metal which eqn be 
readily machined in a lathe, and even cut with II knife. It crystallises 
according to the cubic system, 3 but cry stats are ran*, flic mctal.bcing 
usually massive. Dendritic crystals may be olitaincd artifteially with 
branches parallel to the cubic axi s. 1 ' Shock uppar> nUy assist* or 
induces crystallisation in iron. 6 " , f *• . 

Pure iron, prepared by reducing ferrous chloride with hydrogen ait 
temperatures up to about S00' usually separates in sumII hexahedra, 
although it sometimes yields rhombic dmlccahedra’and tetrakishexa- 
‘•hedra. 0 The mechanical properties*of thcindivifluul crystals of iron 
vary “with tl^e crystallographic orientation. For example, the metal i# 
brittle in the directioif of fh« planes ofTleavage, lad exhibits consider¬ 
able *plastioity in ottici directions. 7 In compart iron the erystals#are 
separated from^ach other,by *an am<trp1»»is rt nient., which acts as a 
binding iigent. The metal is ductile and wnuycahlc. It. possesses 
considerable tenacity, a wfre 2 nun.* in diameter*being capable of 
supporting 25D kgms. 8 'f*liis value, is grftitlf- inihlbncftf by the 
presence of alloying elements, particularly carbon.® 

1 Hicka and (YShea, Electrician, 1895, p. 843. 

2 Brown an*l Mathers*./- Physical (Ihcm.^ 1908, io, 39. • ( 

* Wohler, Pogy. Annalen, 1832, 26 , 182; •Fuchs, Annalen, 1852, 84 , 257. 

* Capitaine, Contpt. ytnd., 1839, 9 , 737 ; Ann. Chirn. Phyn., 1841, (3), 2 , 120. 

6 Kohn, PejKrloire de chimin appliqnfe , 1858, 1 , 55. 

• Osmond and Cartaud, Chtm. Zevtr., 1902, 1., 84^—from Anm Ufa hm, 1900, 17 ,110; 
1900. 18 , 1J3. 

, r Osmond and Fremont, Comjd. rend., 1905, 141 , 301. 

• • Baudrimont, Ann. Chim. Phy»., 1850, (3), 30 , 3i€. 

• See this vdtame, Ptrt III. 
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At a low temperature, i such as that of liquid air, pure iron is very 
brittle; 1 intleed most alloys of iron, with f the exception of those con¬ 
taining nickel, lose in ductility as Ui]r temperature falls. 

The density of the metal paries somewhat according ta its mechanical 
history, the usual values obtained for the pyre (petal ranging from 
7-85 to 7-8K. 2 * . 

' As- a rule the density of a metal decreases' with cold working, and 
iron appears to be no exception. Iron filings are less dense than the 
compact metal from wjpeh they are obtain?# 3 as indicated by the 
following data • *•' * 

, * J&ensity. < 

Pure conqiact iron «* . 7-8558 

Filings from ditto . 7-8172 


Decrease in density . . 0-038(1 * 

•' * . 

The effect of cold-drawing of wire upon the density of the metal is 
clearly shown by the following .data, obtained VivSn irfrn piano-wire. 
The density 1ms been calculated for a vacuum at 4° C. t 


Piano-wire annealed 
„ cold drawn' 


Mean Density. # 
. 7-7970 e 
. 7 - 77 ( 72 ' 


Decrease in density 


a- 

r . 0-0108 


Upon annealing the density tends to return to its original value. 5 

The density of solid iron near its melting-point is 0-95, whilst that 
of the liquid metal it few degrees higher in temperature is 6-88. f ' 

Addition of carbon effects a reduction in the density of the metal. 7 
Tbfi inelting-'-ptAnt of iron has frequently been determined ; the most 
reliable resiilt^ are as follow :— 8 


■ - — r, . 

'Malting* IVmft. 

Authority. *» 

, 1 ii()5 

'Carpenter and Keeling, ./, Iron 

t C 

Stefl lust., 1904, I., t 242. 

1505 . 

Carpenter, ,/. Iron Steel Inst, 
1908, III., S90. * 

1510 • " 

jiaklatwally, ibid. , 1Q08, 1^,, 92. 

1533^*1 

Burgess and .Waltenberg, # J. 

• 1 
• 

• 

JVqphington flcad. Set., 1918^ 
88, 801 ; * Zeitsch. * anorg. 

• e 

it heme, 1913, .88, 361. • 


1 Dewar and Haddeld, Pros. Roy. Sue., 1905, 74 , 526. _ < 

* tan doll, PhynkalischeJitmiache TabeUjx, p<jl63 (Berlin, 1912). 

■ I-owry and Parker, Trans. Vhem. Sot.., 1915, 107 , 1005. 

* Kahlbaum and Sturm. Heitsch. anorg. Chtm., 1905, 46 , 217. 

* Further data are given by Chappell and Levin, Fcrrum, 1913, 10 , 271. - 

* W. C. Roberts add Wrighteon, .1 i.n. Chim. Phya, 1883, (5), 30 ,, 274. • 

* See this volume, Part Ill. . , 

\ * The earlier vjluee of Pouillet (Trail! it physique, 1836, 3 ,7S9), Pictet (CompL renit, 
1670, 88,1315), ety., are now of historical internet only. c * 



' PRBPAiUAtON A&B BROPIRTIES fit PURE IROW. : w» 

According to Knocke,*the folatilisation of iror»tn vaciio is sufficiently 
great to btfdetected at 735° C. s The metal *boils* at 245Q* C. ±50° C, 
at 88 mm. pressure. " * * f, . 

Moissan succeeded in vol»tilisitig*iron in his'Metric furnace wifl} a 
ckrrent of 830 amperes at 7# volts. In a tew minufrs a sublimate or 
distillate of iron was obtained on a water-cooled tube 4as a prey poigder 
mixed with some brilliant ami malleable scales, and possessed of the, 
same chemical properties as the finely divided metal. The distillation 
of iron i« this manner is difficult on account of the violeirt frothing 
eaustc^by the bo>yng (petal evolving occluded gases.® ’ 

The specific heat of iron rises wit li Jlu* temperature, t 
The following r allies for the spuylic heal of a sample of pure ijon 
(Fe 99-87 per cent.)* for tcmp<*r^turcs ranging from 0° to ll^O’A. ar« 
given’by'Griffiths, 7 the cxtrAne temperature ranges being 1 -4° (A :— 




. ---• — 

, Tempt-ratur* 

■r. . 

' 

Sjimlio Heal. 

* • ' 

Y “• 

. 0 

0 1045 

* 10 

, 0-1059 

20 -5 . 

0-1078 

50-3* 

• 0-1105 . 

• 97-5 

0-1137 

•. 

- . - 


For intermediate temperatures, life specific beat. (S,) may be cal¬ 
culated from the equation • 

S,= 0-1043 (1 {.0-001520/ 0 OOOOOOl7/ 5 ). " 


Other recent results are : — 


Temperature Interval. 
°C. 

Speci lie if cut. 

• • • * * 

Authority. 9 * 

• 

17 to 100 

• 

0-10&83 t 

Tilden, Phil. Ttqn.p, 1900, A, 
194,233. . 

17 to 100 

0-1098 

Scltimpf, 7,1'ilsclk. physikal. 
Oh cm., 191#, 71, 257. 

-188 to +20 . 

0-0859 • 

Iiichnrds and Jfaekson, ibid., 


• 

1910, 70, 414. • 

-185 to +20 - 

* 6-895 

Aordmcver and Bernoulli, lier. 

* * 

• 

* 

deui. physikml. Ges., 1907#5, 

, f7S. * . 


1 Knockc, Btr., lfg)9, 42 , 206- • # • 

* For the influence of iron, through supposed vaporisation ft ordinary tejiforaturw, on 

photographic phi tea, see Pellat.- Oompt. rend., 1898, 12 $, 1338 ; 4890, 123, 104. Contrast 
Colson, ibid., 1896, 123, 49. • 

* Ruff and Borraann, Zcitsch. anorg, Gh*M., 1914, 88 , 259 ; Greenwood, Proc. Iioy, 8o«. t 
1909, A, 9a, 396 ? 1910, A, 83, 483. 

4 Moissan, Vompt. rend., 1893, Ii6, 4 !429 t f Traite de Chimie. Mint rale, 1905, IV? 307. 

* Moissan, Compt. rend., 1906, 142 , 425. 

* Obtained from the*American Rolling Company. Density 7-858. Analysis showed it 
to contain the following percentages of impuritysfclphur, 0 021 ; manganese, 0*036 j 
oxygon, 0-(n5 ; phosphorus, 0-005; silicon, trace ; • nitrogen, (F0026; carbon, 0.012 5 
popier, OHfcO ; hydrogen, 0-0005. 

? £ H. Griffith# and E. Griffiths, Proc. Boy. #oc l>t 1913, A, 88 , 54® 



IRON* AND ITS COMPOUNDS.* . 


The mean specififf heats of pure iroft 1 between 0° and t°, where t 
ranees from <200° to 1100°'c., are given as follow * • * 

-i- < - *- - 


« 

• • 

, - - 


Temperature Range. 
V. 

NpeoifimHeat. 

Tc/npcmture Range. 
t G C. 

t • 

* Specific Heat. • 



' • 

• 

0 to ‘200 

0-M75 

0 to 700 

0-1487 

0 „ «00 

0-1233 t 

0 „ 804) 

0-1.597 

0 „ 400 * 

#•1282 

0 „ 9<ty 

- 016-^4« 

0 „ 500 ( 

0 13381 , 

0 „ 1000 ■ 

‘ p-1557 

, 0 „ 000 

f 

• 

0-1890 * • 

c 

* 0 „ 1100 

• 

• 

0 1534 


t . . . , 

There is marked discontinuity above 000' C. 

The specific heal of iron appears to* tie very slightly increased by 
cold working. 3 * • * 

The coefficient of linear expansion oj iron tff temperature 

has been determined 1 for a pun* iron containing 

Carbon . , . •. 0-057 percent. • 

Manganese . . . 0-J3 ,, 

' Silicon . . 0 05 

The results are as follow : 


Tempi-iahire 

* 

Tnl.il Kx|iansnm 
per tbut Bi'iiulti. 

« 

Ciiuftii-K-nl id 

Intel vul 

K\ [III 11:111 m jior 

T <’. 

« 

0Jo 100 

, 0 0011 

0O000U 

, 0 ,; 200 • 

0 0023 

0-0000115 

<0 „ 800 

0-0030 

0-000012 

' o„, too 

0 0050 • 

0-0000125 

* 6 „ 500' 

0 0005 

0-00*013 

0 ., *<>00 

■ 0-0081 

0-0000135 

*0 ,,,700 

0-00975 

0-00001 1 

0 ,, syo 

(><11125 

* 

0-000014 

* 


When heated to 050° C. in ait inert, atmosphere, 5 iron is disintegrated, 
emitting partieles*at rjjlifanj;les to its surface ngd as^ming an etched 
appearance. . t , « * . 

1 For ft ftill discussion fip tfi 111(17 jer pborhofter, lT- Idiunjir, lf)()7, 4 , 4£7, 447, 486. 
Other dftta arc given by Blown, Tran*, liny. JhiblticSoc., 1907, (8), 9, fi 9; Beha, B ird. 
Antuiifti, lkotl, 6 Of 287—ffr metals containing 0*5 per cent, carbon p Pirani (Ber. dent, 
physikal. Gnu., 1912. 14 . f037) between 1*10° and 970° Cf ,Lccher 1907,5,647) gives 
relative values obtained by an electrical method. S'hmifz, Proc. Boy. Soc. t 1903, 72 , 177 ; 
Naecari, Gazzetia, 1888, 18 , 13; Pionehon, Ann. Chim. Phys., 1887, II, 72 ; Compt. rend., 
1886, 103 , 1122. Earlier data art' those of Du long and Petit (Ahn. Chim. Phys., 1818, (2), 
7 , 113rJ; Kegnault, ibid., 1843, (3), 9 , 322. * 

a Marker, Phil. Mag., 1905, ( 6 ), 10 .430. The composition of t^he iron was as follows:— 
carbon, 0 01 per cent,; silicon, 0 02 per cent.; sulphur, 0 03 per cent.; phosphorus, 0 04 
percent.; manganese v trace. • • 

* Chappell and*ljt'vin, Ferrnm, % i9\$, 10 , 271. 

« 4 I*e Chatelier, Compt. rend., 1899, 129 , 331, 
v 4 Kaye anc^Ewn, Pro c. Roy. Hoc-., 1913, A, 89 , 68 . 





PREPARMION AND PROPERTIES* OF i-ukk mu», *i 

The refractive index of iroif, for sodium light, Is 1 -85. 1 , 

The m8st intense lines in the spectrum of iron are as follow * 

Arc 3 : 3020-75, *302lh9, 8147-72, 3440,77. 3441-13, 840*-02, 
3490-73, 3565-64, 3570-24, 4570-29, 3581 *1, 3581-38, 3609-01, 3618-91, • 
3631-60, 3648-00, £705*74, 3708-06, 8709-39, 3720 -09,- 3722 -73, 3785-02, . 
3737-30, 3745-70, 8748-40, 3749-62, 3763-92, 3763 !lif, 3816-00, 8820%!, 
3824-«0, 3826-07, 3828-f)0, 3834-10. 3800 03. 3886-45. 4045-99, 4068-74f 
4068-77, 4071-92, 1260-68, 4271-95, 1303*0!* 4325-97, 4383 X1, 4404-95, 
4415-31?5107-07, 523&-T5, 5269-70, 5321-38, $365-00) 5667-01, 5870-18, 
,•5385 *8, 5404-3!♦ !54>1 • 15, 5115-40, 5121-30, 5129-94, |415-28, 5447-15, 
5-155-81, 5*73-09. §586-98, 5015*89, *4)0-25. 6195-25. * 

Spark: 2599-50, 2739-03,, -41, 2755-80, 1045-99, «0#-10, 

4S25.-97, 1883-73, 4401-95. , ' • * , 

Allotropy of Iron. Whcn^i bar of pm f c iron is allowed to cool from 
its nielline-point to 0° ('.. its timc-tcmpcriilure (tooling curve exhibits 
three breaks.* or arrests, (h ygnated by I lie symbols Ar„ Ar,, and Ar a 
respectively.4 TW*^arrests «ire due to •evolution of a small amount 
of heat eonseepa-nt upon some internal alteration in the metal, whereby 
the rate of •coming is retarded. •Indcetl, the e\olution of heat at the 
Xr 3 poii# is sidlieient to rjii-te the- temperature of the iron by it very 
appreciable amount. The phenonnnfln is termed rcnihwcaict 1 . 1 ' Simi¬ 
larly, o* reheating the metal, three arrests, due to heat absorption, arc 

1 Hess, I’ln/.itrul Hi i /• lit I I, 33 , at!). 8 *r also Kundt, lft/.-(i Ail fillin', 18HH, 34 . 

4(59, from Sit'unysbrr. K. Akad. II iss. Pi r Ini, I 8 KK, p. 255. # 

2 Kxnor and Hast Ink, Dir Spcklnn der Kit nunte bn nonualnu J)ruclc (Leipzig and 

Wien, 1911). • 

3 For further researches on the art- and sp.uk spectra of iron hit Amalie and Fuller, 
Trans Roy. Stir Canada, 191 8 , 12 , (3), <55, Hoelt/eiibein. Ze ilsc.1l. inss Vhotochcm ., 1W17, 16 , 

225; Lang, ibid, 191(5, 15 , 22:5. .lunicki, ibu /., 1914. 13 , 1 / 9 ; Y'lefhaus. ibid., pp. 209, 

215 ; Hums ibid . 295, also 1919, 12 . 207 ; Coos, tbU . J913, 12 , SM ; 1912, it, 1. 905 ; 
Kversheim, .l»» I’hy.stl, 1911, (I), 36 , 1071 ; 1909, (4), 30 , K|5; Huisn^n ann Fabry, 

Ann. Physik, 1912, (4), 38 , 215; Cmnpt tend , 190S, 146 , 7?»l ; 190(1, § 43 , 105; Kayser, 
Zeitsch. ants. Photoehun , 1911, 9 , 179; Hattninnn, Physiknl. Zeil.nh.*, 1909, 

Finger, Her. deni physikal. (!>.*., 190ff, n, 909; Znlsch vj**. Phofahepi., 1909,7, 929; 
Pollok and Leonard, tfei. Pioc Roy. Dublin .v.r , 1907, (2), 11 , 2^7 ; Keller, ('firm. ('€ntr., 

1900, II., 1291, front Znlsch. unss. 1‘holochnn , 1 H 00 , 4 , 209; Locker and Haxandall, 

Proc. Hoy. Roc , 1901, 74 , 255; Adcm \, Turns. Roy Dublin Sac., 1901, (2), 7 , 991; 
Cri^, Phil. Mug., 1901, (3), 50 , 197; Loekyer, Ptoc Roy. So*, HJ97, 6 o, 475 ; 1893, 

• 54 , 959; Li\emg and Jlowar, ibid., IMS 1 , 152 , 225. 1 (#2. DiPiUaJlomc spectrum of iron 
see Memsaleeh, Phil, mwj., 191 Sf 36 , 209, JH1 ; ('mupi. rend., 1910, 163 , 757; Locky#r 
and floodson, 'Proc. Hoy. ppc., UMO, A, 92 , 2<>0 # Henffcalei h and dc VVattovilV, Cotnpl. ^ 
rend~ 1910, 150 , 329; 190S, 146 ,* 74S, 859, 9(52; Auerbach, Znlsch. wish Phatbchcm., 

1909, 7 , 41 ; Ahilr. Chnn^Sor., 1909,ni. 279; do \yatteviHe, J’hV. Trans , 1904, Af 204, 

439 Perry, C hint? X nos. 1884,^ 49 , 241 ; Loekyer, ('ovijfl. re rid. 9 I MSI, 92 , 904. The 
infra-red spcclAm o^iron nas l^en studied by Handall #nd Parker, Aslroyfiys. J., 1919, 

49 , 42; Lehmann, Chi in. Zcntr , 1^01, I.. 8 L* The lacuinn hMie \jy.clrum of iron : Pollok, 

Sci. Proc,. Hoy. Dublin Sac., 191 £ 13 , 253. The fumarr spectrum of iron :• King, Ann. 
Physik, 1905, (|),*i 6 , 300. The^pectrum of ir<yi develoflcd f!y,(;xplo?hng $ut*‘.n : IJvcing 
and Dowar, Phil. May., 1884, (£J, 18 ,101. On the matfkcfic.resolutton of theiroD apoctrum, 
aee Graftdyk, Arch. Sccrland, 1912, (3A), % 192; Luttig, Hartmann, and Peterke, Ann. 
Physik, 1912. (4^ 38 , 43. 

4 If the iann contain« carbon- pr^eratyy al»out 0 25 jx*r cent.,— if fourth arrest is 
observed, designated aa Ar, on the cooling*curve, and Ac, on tin reheating curve. Ar, 
occurs at approximately 01 MP C\, and is generally recognised as due to a change in the 
condition of the carbon which, at higher temperature^ in held in solid solution, but at the 
Ar, ^>oint begins to aeparat-e out in combination ^^h some ir®n as triferroearbhle or 
oementite ^see p. 195). 

* * Symbols introduced by Osmond : A--arret, and r-^refroidisacnapnt. 

• • BarroU, PJiil. Trans., t873, (4), 46 ,472. • # * 
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IRON «AND ITB COMPOUNDS. 

ibserved at, temperatures denoted by A8 a , Ac*, and Ac 4 . 1 The points 
xicur at approximately the following temperatures :—• • 

* Ac 2 770° C. . Ae 3 M.t° C. ' * Ac 4 1404° C. 

Ar a 700° A r 3 890° C. f Ar t *1401° C. 

,'£he point novijenown as An, was the first to»bc discovered,® it being 
observed that, during the cooling of a piece‘of iron from a high tempera¬ 
ture, on reaching “ a very dull heat, a sudden accession of temperature 
recurred, so I hut il glowed once more with a Igaght heat.” , 

It will he observed that the* Ac points are sfightjy.highcr thjrwthe, 
corresponding t\r points, but »re < indieative of the.same' phenomena. 
I'll; divergence is explained lit aasutning that a certain "amount of 
inortiiforResistance to change exists, known as lag, which tends to lower 
the temperature of arrest during cooling, and probably to raise it slightly 
during heating. * m 

Wnon determinations are made of tin* variation of other .physical 
properties of iron, with rise or fall of temperature, discontinuities or 
abrupt changes are usually observed at taunprratyjWftftipproxirnating to 
the various A points. The first of these to be observe^was the sudden 
elongation manifested by iron jvire, ad a temperature not stated, when 
allowed to cool from red heat to about, 15° CV This peculiarity, 
announced by Wore in 18(i!>, was Confirmed by Barrett, 2 why also showed 
that, during the heating of the wire an interruption oft the expansion 
oi the rajtal occurred at approximately the sarftc temperature. The 
elongation of the metal on eoolifig was found t*> occur simultaneously 
with the rccftlcsccnt point now known as the Ar 3 point. 

• The electric resistance of pure iron increases from 0° C. to a maximum 
at 757° corresponding to the A 2 jmint, and then falls to a minimum 
at 8!H° I*.—the A 3 point. On cooling the reverse changes occur at 
practically the yunc teinpiyatures. 4 The presence of hydrogen "under 
atmospheric pressure dots not materially affect the resistance of the 
metal up to nteu ('.» * 

*Itie therrfio-yleetrie |)otential differences between platinum and iron 
at various tetnf!eralurc> reach a maximum at 850° CV—-a temperature 
cldscly approximating to thcaV, point. 

The magnetic susceptibility of iron rapidly increases at 1305° C., 
when the metal is raised to tliis temperature from a lower one, nnd«thc 
SPvcrse change takes place at 131 <1 C. on.coolingofrom a higher,tem-* 
perature. These points evadcutjy correspond to the Ae, aird Ar t points 
resDdfctively. , # 

The foregoing resulfs are usually interpreted as indenting that iron 
is capable of existing in four alltftropie modhjeations. designated respec¬ 
tively as a, ft, y, jpui*8 ferrite# tin- points,A 2 , A 3 , anti A 4 representing 
their transjtioi^tempj;rayires (that is, t lie •temperatftres at which the 

* c**chauffago. • 

* Barrett, Phil. Tram., 1873, (4), 46 , 47^ 

* Gore, Proc. Roy. Soc., 18(19, 17 , 200. , 

* Rurgess add Kellberg, J. ^ead. Sci., 1914, 4 . 430. See %lso Honda and 

Ogura, Science Report .• t'nir. Sendai, 1914,* 3 , 113; Lo (listener, Compt. rend., 1890, 
110 , 283. Thtt resistanoe o{ iron at low temperatures has been determined by Sehimank, 
dan. Phytik, 1914, (4), 45 , 70(1. 

* Sicverts, Internal* Zeilech. Mqallographie, 1912, 3 , 30. See also Harding and*!). P, 

Smith, J. Amer. Chon. Soc,. 1918, 40 , 1008. _ 

*8 * Laacbtachonk^, Bykofi. and Efremofl, J. float, Phye. Chan. Soc., 1910 , 40 , 27#. * geo 
also Bronlewakii CompL rend., 1913) 156 , 699. 
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arrests, on cooling or refloating, would be observed were it, not for the 
lagging). Thus fc ferrite is the ordinary variety of pure iron, stable 
below A s , at which ^xiintAboth fg and ft ferrjte are in equilibrium. 
Between A 2 and A s the jS feirite constitute^ the ; '■ able phase ; between 
X, and A 4 y ferrite js stable, \vhilst above A, 8 ferrite exists. This may 
be represented diagrummatigally as follows :— 1 • • • 

A,. Aj. # A,. Melting-point * 

0° , 769” 900° * 1104° 1505° C. 

_ I .1 I • - I • • I 


Many metallurgists, howcvqr, incline to the view that j3 fegrith is 
really a solid solution of y iiya feitite s ; in other words, the assumption 
is made thUt when iron cools below A,, the conversion of y ferrttc into 
a ferrite is not quite eompluift, a few y molecules remaining dissolved 
in the a ifntil the A 2 point is reached, at which point the transformation 
is completed, fmsj,^ alone remaining.' 1 t 

Whether this view be accepted or hot, it is convenient to retain the 
name ferrite to indicate that particular phase of the metal between 
the A 2 agd A 3 points. , * 

a, ft, jiud y ferrite crystallise in .the cubic system, 4 but present 
well-massed s]*eifie characters imHeative of varying internal structures. 
It has been suggested 5 that 8 ferrite is monatomic iron, Fe ; y ferrite 
is diatomic, Fc„ ; and @ ferrite is triatnmie, Fc 3 . At present,‘however, 
very little is known of the structure of the iron molecule. , 

Carbon readily dissolves in y ferrite, is soluble to a slight extent in 
P ferrite, but is practically insoluble in a ferrite. 


For a more detailed discussion of this subject Mud it s bearing .upon 
the nfetallurgv of iron and steel, sec this volume, Part III. 

Occlusion of Gases.- Iron readily absflrl*s or “•oAcludes ’’'j'u.ses, 6 
and may contain from ten to twenty times its own vplrfme of gas. 
Meteoric iron usually contains, hydrogen, nitrogen, helium, and <wides 
of carbon. The gases are evolved pn heating >he metal in vacuo , the ' 
different gases being characterised by a definite temperature of evolu¬ 
tion. 7 The gases most usually occluded by terrestrial iron are the 
oxides of carbon, nitrogen, and hydrogen, And sometimes the last, traces 
*of tljem are held ycry tenaciously* by the met at, a third heating in 

1 The mean teinperattir#n giwn # fnr the A,, A j, tin d point* areltnmeof Ku.o and his 

oo-warkers, Ftrrum, 1914, n, 257 ; 1915, 13 , I. » 

2 Benedicka, J. iron St,d InM., 19^2, II., 242 ; .Ini'!. I* 407 ;* Carpenter, i/nd.,4F9I3, 
I., 315. Le dytteOer (lie. MeialUjyruphic, 1904, I., 213) 4f ■ars Jo have been the first 
to suggest that the \ point is not connected with allotypic change. , 

* See Carpenter, J. Iron Steel* Inst., 19F3, i, 315, and*thc .interesting discussion, 

pp. 327-360. • • « 

4 Osmond a*d # Cartaud, Compt. rend.* 1906,. 142 , 153ft; *906 145“44 f Ann. Mines, 
1900, (9), 18 , 113. 9 

* Weiss, Trans. Faraday Soc., 1912, 8,*153. Contrast Honda and Takagi, J. Iron 
Steel Inst., 1915,41., 181. 

* See Neumann and Streintz, Monkish., J892, 12, 656. See also DeVilIe andiTroost, 

Compt. rend., 1868, 66 , 83 ; 1863, 57 , 894, 965 ; CailJetet, ibid., 1806, 60 , 344 ; 1864, 58 , 
32?, 1057 ; Doville, ibid., 1864, 59 , 102; 1864, 58 , 328 ; froont and Hautefeuille, ibid., 
1875.80, 788 ; 1873, 76 , 562 ; Graham, Her., 1879, 93 ; Compt. rend., 1867, 64 , 1067 ; 

Baxter, AnMr. Ckem. J., 1899, 22, 362; Hey a, Stahl^nd Kisen, HMXJ 20, 837 ; Richards 
and^B *hr t JZeitsch. physxkal. Chem., 1907, 58 , 301. The absorption of hydrogen by thin 
films of iron on glass has been studied by Heald, Physikal. Zeitsch., 1|07, 8 , 659. 

* * Belloc, Covpt. ren 1#07, 145 , 1280. ’ • 
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vacuo to IJOO 0 C. stfll yielding some gas. 1 ^Killer 2 showed that the 
gases occluded in iron are. for the most part, mechanically held in 
the*pores of the metal for they ait liberated o‘n boring, only a very 
little more gas being obtain**! when the bofings are heated to redness in 
vacuo. Helium is absorbed by iron, but‘less jeadiJy than hydrogen! 3 
Irfne wire absorbs*inereasing quantities of hydrogen when heated in an 
•atmosphere of that gas from 100° ('. upwards, but on cooling thC whole 
of the gasjs evolved. 1 Tlfe solubility is independent of the superficial 
area of thc*mcti»l, r ’.so that the phenomenon is anN^ainple of truf solution 
and not of udsiwption, winch is purely a superficial effc’et.. At constant* 
temperature thF solubility ol'*thf gas is directly proportional to the 
sqitarq root of the pressure" in l*>Ih the solid and the molten metal. 
At constant; pressure the solubility* of hydrogen increases wit]t the 
tempcAture. The curve ciymceting the solubility with the tempera¬ 
ture, docs not indicate any change in the neighbourhood of the A 2 
point, but a rapid increase in solubility manifests itself in«the neighbour¬ 
hood of the A., point that is, between Mott‘and OOtUC^ When the molten 
metal solidifies in an atmosphere (»f hydrogen, it cxTTlmts I he phenomenon 
of “spitting.” The power to occlude gases is closely* connected with 
the amorphous cement layers lfelweeh the ferrite crystals (scej). 5t). • 

Absorption of Nascent Hydrogen.—Iron readily absorbs nascent 
hydrogen. 7 tVhen saturated with this gas, iron is ejuifaeterised by 
unusual briltleness (see p. 51), but, on prolong^ exposure To air, or 
more rapidly on heating, the hydrogen is evolved and the metal regains 
its usual physical properties." 

A ready method of studying these changes consists in immersing 
iron wires in very dilute sulphuric acid. Under these conditions the 
metaj will absorb some twenty times its volume of hydrogen. The 

* brittleness appears tube due to the adsorption of the gas by tire thin 
interc{Astallmc‘cement joining the fenite crystals together (see p. 51), 
the ccmcnfr thus increasing in volume to such a degree as to force the 
crystals apart somewhat, thus reducing the intererystalline cohesion.' 1 

* The propgrt^ of absorbing nascent hydrogen is shared by steel and 
cast iron, hilt the purer forms of the metal are morb readily affected. 
Cast iron was found by LedelJhr to require a very prolonged exposure 
to a relatively concentrated acid to produce a well-defined cf^pct, 
possibly oil account*of its high silicon content. — The general results* 
Obtained by T.edebur are given in the table on p. to. Iron and*.steel 

» wirc% were used, ranging in diaflieter fronnO lHiS Iro 0110 inch. It will 
be observed that tine hy.lrogcniscd wires jiossessed substantially the Same 
tenacity, but thejr eloifgation (Increased, whjlst their bflttleness showed 
a substantial increase. Exposure to air at the ordinary temperature gradu¬ 
ally restored the wires to their rtnrnml stall*,- a changfc that was rapidly 
brought ifbout.by ignfcioH to ehqrry-rvd heat in an inert atmosphere. 

1 Iloudoufird, Compt . rend., 1007, 145 , 1283. •* 

* Muller, Her., 1870, 12 , 83 ; 1881, 14 , «. • 

* Tildcn, Pr$c. Boy. Soe., J89G. 59 , 218. 

* {Reverts, Zeitsch. physikal. Chan., I907!,6o, #20. 

• Sievorts, ibid., 1911, 77 , 591. 

• Sieverta, lot., cit. ; ,Juris*h, Stahl und Bisen, 1014, 34 , 252. * 

7 See Thoma, Zeitsch. physikab Chcm., 1889, 3 , GO. • 

• W. II. Jolmatfh, rroc. Boy. She., 1875, 23 , 108 ; Mem. Manchester Lit. Phil. Soc., 
1872-3, X 2 , 74 ; 1873-4, 13 , 1(H); Reynolds, ibid., 1873-4, 13 , 93. 

• Andrew, Trafk. Faraday Soe., .1919, 14 , 232. 

M Ledebur, Stahhund Eistn, 1887, 7 , 681. 

* 
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• • * 

Permeability to Gases .--Closely connected with thqpowej to occlude 
gases is the property of transfusion, by virtue of yhich gases are able to 
pas* through iron. In* 1863 fail let Jt 1 shtfwcd that nascent hydrogen 
* could pass through an irorf vessel inimerped in sulphuric acid at the 
ordinary temperature, and this has been confirmed* by numerous later 
^investigators. 2 ' . , 

This diffusion of nascent hydrogen is not inhibited even by a pressure 
of J4 atmospheres. Molecular hydrogen only t pj.sses through ^ron at a 
measurable vefoefty wlun the'temperature is faised. Below 324° C v 
the velocity is Inappreciable, »t 350° C. it becomes,jierceptible, and at 
85Q° C. the velocity is some forty tune* as great. 3 * 

. Irdn i t s softened by |)rol<mged*ex^osure at 300° to 1000° C. to the 
transfusion of hydrogen, for the gas reduces and removes the .small 
quantities of non-rnetallie Impurities iisually existing in the metal. 
Tin A,* for example, sulphur, |)hosphorns, sand carbon are reilpeed and 
escape as volatile hydrides, the metal bcyig purified to if corresponding 
extent. 4 * . # . 

The optimum temperature-range for this purpose lies between 950° 
and 1000° hydrogen containing small quantities 8f water vapour 
proving most efficient. The time of dccarburisation is necessarily some¬ 
what lengthy,, and averages not less than some 4 or j c^iys. The 
following results 6 navy he regarded as typical:— • # 

4 


4 

Carbon. 

lYr cent. 

Sulphur. 

Per cent. 

Time of 





UfcurluiiTHation. 





# l)ayn. 

Before. 

• 

After. 

Before. 

After. 

% 

‘4 v 

0'0«) t* 

0 076 

0 025 

0017 

^ 5 • 

0-182 

0015 

0-030 

0017 

4 

. 0-326 

0 027 • 

0-020 

0018 

5 

.oosli 

0*026 

0-016* 

0-006 

5 

1 05 

* 0 035 

0-011 

0-008 

12 

.1-07 

0-220' 

0 042 

0-008 
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No gloubt if the docurburisittion process* wcVe very greatly pro¬ 
longed, the carbrm a»d .sulphur would be reduced to infinitesimal 
quantities. AnqjogouS reactiogs take* plqcc betweefr hydrogen and 
molten iron. 1 ' « • . * 

Chemical Properties of Pufle Compact «lron.—Wljen exposed to dry 
air at ordinary* temp#raSures, iron retains *its silver-white appearance. 
If the air, however, is moiSt, and the temperature fluctuating so that 
liquid water collects on the surface of the metal, oxidation or rusting 
occurs (sec Chap. IV,). - • 


1 Cailletot, Compt. rend., 1863, 66, 8-1 

* See Reynold*, Mem. Manchester Lit. Phil Soc., 1873-4, IS,” 93; Winkelmann, Ann. 

Pkysik, 1906, (4), Vj, 490; CharjJ and Bonncrot, Compt. rend.. 1912, X!M» 692. • 

* Charpy and Bonnerot, loc. c»tr 

4 Charpy and Bonnerot, Compt. rend., 1913, 156, 394. 

4 Campbell,J.7ron Steel Inst., 1919, IL, 407. 

* Sohmiti, StahPund flwett, 1919, 39, 373, 406. 
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* • . • 

When heated in air or oxygen a piece of polished iron undergoes no 
apparent change 'belotj a temperature of about 150° C. Further heating 
results in tarnishing. *As tils is nfcrcly slight snpcrficial oxidation, the 
temperature at which it becomes distinctly visible depends upon the 
duration of the experiment. Thus, for example, prolonged heating.at 
170° C. may result in tjie production of a pale straw colour, although^ 
for short periods of time a temperature of ’4?0° is normally required 
to produce the same # effect. 1 Given reasonably uniform conditions, 
however* the extent of*the oxidation,' whiel. may be’judged by the 
‘characteristic, hu^s'.iufjjarted to the iron, is a fairly aeijirate indication 
of the temjJcrature. Workmen twail themselves of tliis with remarkable 
skill in tempering steels, the dal,'i ustfUlly accepted 2 being as (jjilltfws r 
. ___•_*__•_ 


Colour. 

’• • 

Temperniure. 

°(f. 

• 

Colour. 

• 

• 

Temper%jtye. 

Pale yellow . 

• 

22(f 

lffirpte . 

277 

Straw . .• 

230 

Bright blue . 

288 

Golden yellow 

243 

Fun blue 

203 

Brown . 

265 

l)#rk blue . .. 

310 

Brown jTur^lc^ 

265 
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—--- 


These tempering colours are obtained even in the presence of such 
dry air as that obtained by continued exposure to phosphorus protoxide, 2 
clearly proving that the reaction is one of direct oxidation of the metal, 
and therefore entirely distinct from ordinary rusting which involves 
a preliminary solution of the metal (see p. 07). ‘The oxide produced is 
usually believed to have the composition Peprosenfcd 1>y the formula 
Fc 3 0 4 . According to Mosander.' this is correct hi so far ;^s flic extreme 
outer layers of oxide arc concerned, those occurring nearer the (Wrtal 1 
itself having some such formula as J^e 2 O 3 .0Fe(\, or FcJW 4 .5Fe0. This 
docs not necessarily imply the existence of a definite compound, how¬ 
ever; it is more reasonable to assume that ferrous oxide » first formed, 
and this is relatively slowly converted into ferrifto-ferrie oxide on 
•recount of the difficulty experience* by the oxygai in jienetrating the 
outef layers. Hence the alfove substance is # rcally a mixture of Fe,0* 
and FcO. * ' • * • 

When iron wire is strongly heated in air atanosjffieri of oxygen it 
burns with a brilliant’flame, A pleasing lecture’expcymeut consists in 
holding a butieh of fine ir«n wire in the upptc p%rt. of a Bunsen flame 
and allowing a jej, of oxygert from a*gat cylinder to Impinge ,upon the 
whole. . ’ ..... 

. A modification of this.experiment consists in placing 5 a small piece 
of glowing wood charcoal on a heap»of purified iron filings and a stream 
• 

1 T. Turaof. Proc. Birm. P.kil■ Soc.f 180#, vi., part ii. ; Quillet and I'ortevin.’flenue 
MHaUutgir: Memoires, vi. p. 102; Loewenhera, Zeitech. Inilrumenlenkunde, 9 , 310. 
Roberts showed that thlse colours are due to the formation 1)1 oxide, as they are not pro- 
duoetLby heating iron in vacuo ( Tran). InM. Meek. Bngf 1881, p. 7yi). 

• How e.Vke Metallurgy of Steel, 2nd ed., 1891,1., 23. ’ 

• ‘ *• Friend, J. Iron Steel Irut., 1909, II., 172. 

’ * Mosander, Pogg. Annalav, 1826,6,35. , 

* Kttspert, deem. Zeitfr., 1906, II., 87 1 from Zeiteck. phye.-tkem. Onterr., 19 ,180.;, 
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• • • 

of oxygen directed upon ft. Vigorous combustion ensues , 9 the whole 
fusing to a white-hot mass of ferroso-fcrric oxide, J'’e 3 0.,.. 

Recording to Cliarjw, when iron'is heated in contact with carbon 
• (graphite) it does jiot bcootir carburised e/cu at 950° C." unless at least 
traces of oxygen Or an oxide of carbon are present, 1 hut this is disputed. 1 ® 

Iron absorbs silicon, when heated with tlqit element, at tempera¬ 
tures considerably below !>jO° ('.it 

When heated in steam electrolytic iron undergoes no change until 
about 330 J (’.,*when lattnishinj} begins to talca place. At 4?)o° £. a 
small but measurable quantity,!)!' hydrogen is fortnedf'and the velocity* 
of the reaction increases rapidl\’\fith further rise of temperature. Thu 
rcuctiini appears to take place in three stages, involving 4 

1. Dissociation of the steam, • 

.. , 11,0. -II 2 |\J. 

2. Formation of ferrous oxide, , 

Fe |'0- Fe\). 


3. Oxidation to ferroso-ferric oxide, 


, :iFe().l ().- F(',('),. 

, . ' 

For ordinary iron shavings, the lowest temperature at •>vhich hydrogen 
is evolved is about 300 1 t’., and t lie optimum vieldhs obtained at 800° C. 5 

If the reaetion is allowed to fake place in an enclosed space, it does 
not" proceed*to completion. Equilibrium is set up. and the reaction 
obeys the law of Mass Action. 6 The initial and final stages of the 
equilibrium may lie represented as follows : 

'iFe -MU,(h - - Fe.,0 1 | 4II 2 . 

Designating the pressure of water vapour as p, when equilibrium has 
been reached,* and the* hydrogen pressure as p.,, 1‘reiiner obtained the 
following mean {’allies for the ratio p,/p»: - - 


Temperature. 

I'llPr 

* * . 

. * 

900 • 

,0419 . 

, U)25 

0-78 

. 115lf , 

• 0-80 • 

« 

• 


_ >_ _ 

* • * 

• . . 


When jnamietie i^xidg of iron is heated in a eutrent of hydrogen 
gas, one of tlu* gaseous phases, namely steam, is swept Way, with the 


1 Charpy ami Bounorot, Compt. rend., Mil. 153, 071; 1910, 150, 173; Quillet and 
Griffiths, ibid., J909, 149, 123. • 

■ See Giolitti and Aatorri, GazzelUt, 1940, 4«, i. 1 ; Giolitti and Cafnevali, A tit R. 
Accad. Sci. Torino, 1910, 45, 337. 

» Lobeau, Ball. Hot. chirm. 1902, (3), rj, 44. 

* Friend. J. West Scotland Irondrteel Inst.. 1910,17,06; J. Iron Steel Inst., 1909, H, 172. 

• Lettermann, €hem. Zentr., 1906,1., 952. • 

^ • Thia was firat proved by DeviUe (.! nnalen, 1871, 157, 71; Compt. rend., 1870, 70, 
1105,1201! 18701*71, 30) and Chajidron (Compt. rend., 1914, 159, 237), and sflbee^nentlj^ 
confirmed by Aeunsr (Zeilsch. pkysiktd. Chem., 1904, 47, 385). , • 
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result that the oxide is readify reduced to .the •metal. The same is 
true for th(*othei*oxides of iron, and the reduction has been observed 
to commence a t relatively l|w tenjperaturcs, najnelv at about 305 
with magnetic oxide and 37l° (\ with ferrous oxide.* Hilpert 2 finds , 
tRat if the ferrous oxide has not previously 1>een heated above 400° C., 
it can Se reduced aT 2 S(t° C'.jn hydrogen; but if pi Piously heated 
1200 ° (It, reduction is not* apparent below 330° ('. This shows that the # 
physical condition of the oxide has an hnjTortant inllucnce upon its 
dissociation pressure .* 1 \ • . . • 

• Th<* oxidation* itgm with steam is used technically as a means of 
•protecting tjic mctAl against eor # rositin h # This is the principle of the 

Bower-lhirff process. # t • 

With nitrous oxide at 200 ° (’! lierrous oxide is produced . 1 rfshtrogen 
is absorbed by the heated metal to a slight extent, particular!^when 
melted under a high pressure of the gas, yielding the* nitride. 6 • The 
nitride is \lso produced by heal mg t he metal to 800'•l*. in an at mospnerc 
of ammonia, the physical pro|/t rties of the metal undergoing consider¬ 
able alt ('ration? 0 • * 

When iron Cheated m contact with carbon and its oxides, many 
interesting reactions occur. At UtA) ('. hi a current of carbon dioxide; 
iron yields ferrous oxide*, whilst*at 1200 # (\ magnetite is produced, which 
is both nfhgftetie and crystalline.* Ignition in carbon monoxide at 
1000 ° ('. tielels fe rroll^ oxide . 111 

The reaction be tween carbon monoxide and iron at (150° (.’.•involves 
the depositie>n e»f carbon* in those case s whe re the* gas is allowed to pass 
over the metal in a continuous stream. If, however, the* gas and nu'tal 
are allowed t<> re-main in contact in a e*iose-d vessel at 050° ( ., no carbon 
is deposited; but a carbide-, most probably cementite, Kis lorpicd, 
and an#e>\ide. T he iron may he* dissolved in acid withemf leaving any 
carbonaceous re*sielue*. W hat t he* pre-ease* nature of t he*r<*aelions i£ay be 
is not certain." The* products appear to he* the* result ot many balanced 

reactions which mav be represented bv the following cquafions : - •» 

• • 1 

• («.) 3he | 2 CO* Ke ti (’ (V),. * 

(li.) 2(0 cy CO... f 

(iii.) Ke { C j 1(0, 3l\*() ; 5(0. , 

• • • 

* T1 V , carbide content falls ^\ifh men asc of pn ssmv <ii carbon dioxide,^ 

becoming nil with a ptytial pressure of per cenl. ol carbon dioxide, 
the remaining gas being earboli monoxide. At HSO ( iron di oomitbses 
earlxm monoxid^. viijding triterro earlmle (cfyicnfitc) and earflbn 
dioxide; thu% • , * • 

• F*- # e;i co*. ... * 

The iron earhjdt now decomposes*iniiri> carbon inonoxitftf, yielding the 

*. 

1 Glaser, ZriUrX anorg. Ohem., 1(KW, 36, t. 

8 Hilpert, Ber., 1909, 42 ,4575. •. • 

3 Somewhat analogous conclusions Ifa'e«oocn drawn from the behaviour of cupric 

oxide (Allmand, Trans, (jju’.m. Soc., 1910, 97 . 003) # 

4 Sabatier and Senderens, Compt. rend., 1892, 114 , 1429. 

6 Andrew^ J. Iron Steel Inst., 1912, II., 210 ; Kogstacflus, praki Cjem., 1802, 86 , 307. 

4 Tisaandier, Compt. rend., 1872, 74 , 531. 

, * Carpenter and C. C. Smith, J. Iron Steel Inst , 1918, II , 139; I^lcke, Ber., 191 
4 #, 

voi.. nc.: 11. 1 
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dioxide and unstable* higher carbides Si iron, which latter dissociate 
into free carbon and cemcntite. 1 * * 

tWhcn carbon inoinjxidc and hydrogen AaturJtcd with water vapour 
r is passed over iron at 250° # to 300° several interesting changes may 
take place. Formaldehyde may be detected in J;he distillate and* a 
bitty substance, iti.pt. 35° to 30° ('., isolated IIV extraction with ether. 2 
V These reactions recall the .behaviour of‘nickel under antilogous 
conditions.’- 1 * • 

Iron is readily corroded by.moist chlorine*:;! atmospheric*tempcra- 
turcs, and wlicu strongly heated in a current of Idle d#y gas yields Terri# 
chloride, wliiehvolal discs and ?vmlcnsps on a cooler fart of the apparatus * 
ill'll lyautifully crystalline form. ( 

A siiSill ball of steel wool, if sprinkled with antimony, will ignite in 
chloride at the ordinary- temperature. 4 *Iron is not attacked By an¬ 
hydrous liquid chlorine,!’ *> t 

When heated iia'liydrogen chloride, iron yields ferrous chldride, free 
hydrogen being evolved. 6 * 

Heated to dull redmss'in bromine* vapour,'tron yields a yellow 
crystalline dibromide, KeHr 2 , or the dark red ferric suit, Fcl5r„ accord-, 
ing to eireumstanees, i-xeess of bromine vapour being essential to produce 
the latter compound. , * • 

Heated with excess of iodine, iron yields a grey jnHss 1 of ferrous 
iodide; the same salt is formed when iron lility's are tritui’fitcd with 
iodine (su-below). , 

When heated together, iron and sulphur readily unite to yield non¬ 
magnetic ferrous sulphide. 

Sulphur dioxide, when dry, has no action on iron, even at 100" C., 
but the metal is slightly nllacked by the moist gas. 7 Liquid sulphur 
dioxide has likewise lmt little action under atmospheric pressure, but 
in refrigerators, where the temperature is liable to rise somewhat during 
compression of the gas. corrosion of the iron is appreciable. 

When heated to 150“ to 200“ C. in sealed tubes with thionyl chloride, 8 
ferric chloride, ; s obtained in accordance' with the equation 

2l'V | tsot; 1 , - gFct f, I 2S()j ] SjC’lj. 

If, however, the metal is present in excess, ferrous sulphide and chloride 
result. Thus < * ° n» 

c OFcfSjfSOCV 2Fet'l s +‘FeS + s6 8 . 

< * £ 

v Niekcl is not attacked under those conditions. o 

When heated witch sulpiiuryl chloride, SO$Cl 2 , anhydrous ferric 
chloride i t s obtained, lur^e crystals being farmed in favourable circum¬ 
stances. 0 Su|phi»r\i fluoride, < S0 2 F 2 , is yithout action on* iron, even 

at red h«v f - 10 i 0 

* 0 

1 Hilpert ami Dieckmann, Ber., 1915, 48 , 1281. Compare Gautier and Clausmann, 
Compt. rend., 1910, 151 ,16. n 

* Gautier and Clausmann, ibid., p. 355. 

* <Bee tliis Volume, Part I., p. 93. u , 

4 Ohmann, Chem. Zentr., 1914, 1., 331. ' 

4 See this series, Vol. VIII. (1915), p. 63. 

4 See Isambert, Compt. rend., A 886 , 102 , 423. 

? Lange, Zeitsah. Ongcw. Chem v 1899, xa, 275, 303, 595 ; Harpf, ibid., p.c495. 

* North and Hageman, J. .4 mer. Chem. Soc., 1912, 34 , 890. 

1 » North, BuUySoc. ckim., 1911, (4), 9 , 646. 

u Moissan tad bebeau, Compt . fend., 1901, 132 ,374. 
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Silicon tetrachloride vapour is decomposed by iron at high tempera¬ 
tures. yielding diferrosiliciac and ferrous chloride. 1 * 

SiCl, -^4Fc*=l , V t Si (- 2FcClJ. 

" ■ Nitric oxide is rmluctgl by moist iron over mercury.yielding a mij^tiyc 
of nitrous oxide and nit(pgcit. a The nitrous oxide is slowly reduced to/ 
nitrogen. 3 • . • 

Iron ^precipitates piyipcr, silver, antimony, lead, jind tin from 
solutions of their salts? In the case of tin the deposit may be ex- 
, ceedingly small,if lfirms a thin protecting layer on tlfi- surface of the 
iron. For this reason iron dissolves mtich less rapidly in an acid if a 
tin salt is present. A pretty cxpcriiftcnt consists in immersing it strip 
of iron in a tube containing a»sohit*on, the bottom half of which consists 
of a concentrated electrolyte in which some*tin salt is dissolved, and the 
upper liajf a dilute solution »*f the electrolyte without any tin.**Thc 
lower portion-ftf the iron strip becomes covered with crystals of tin, 
whilst the upper position is ipiijo free, ultlumgh if completely immersed 
in the lower portion no tin deposit would lie visible. 1 * 

In the precipitation of silver from dijute solutions of silver nitrate, 
unworkeihiron is found to he more active than the worked or si rained 
metal. 6 . . ’ * "... 

The precipitation of copper from solution by means ol iron is used 
commercially as a waft method of extracting copper from .pyrites. 0 
The kind of scrap iron used appears 1o influence very markedly the 
physical condition in which the copper is precipitated. The mud which 
collects when neutral copper sulphate solutions are reduced in this* 
manner contains a basic ferric sulphate. Ke.,(OII) 1 .SO,, 7 but addition 
of a little dilute sulphuric acid prevents this, and enables a clean dejiosit 
of copper to be obtained. . • 

Iron dissolves in ammonium persulphate solution' yieldyig ttmius 
sulphate, a portion of which undergoes further mfidutinn."* 

A solution of bleaching powder rapidly attacks iron.with evolution < 
pf oxygen, 8 * A coiycntrutcd solution of ferric (Slloride Hhs little action 
on iron, but the metal readily dissolves in * dilute solution. 10 

Iron has been recommended 11 as an electrode, tomther with carbon 
.in mgalvanic cell, the electrolyte being a concentraUd siJution of ferric 
cllilori^e. The iron dissolves.yielding ferrous chloride, 

* 2FtA'1 3 T Fe - Sf’et 1 

• • « • W 

which is converted into the ferric statu ajain passage of chlorine 
gas. The generated current’ of course, passes jn the direction,from the 
carbon to <the iron through .the eorfneating wire* The.cell may be 

1 Vigouroux, 0ompt. rend,, 1908, 141 , 828. • 

* Sabatier and Senderens, ibfth, 1895, 120 , 1158. 

’ Sabatier and Senderens, ibid., p. 1212. • 

* Thiel and Kdter, ZeiUch. anorg. Che.m., 1910, 68 , 220. 

» Senderens,aBul/. Soc. eJiim., 1897, (3*. I5 k «01. 

* See this series. Volume II. 

7 Easner, Bull. Soc. Mm., 1891, (3), 6 , 147. • 

* Tprrentine, J. Physical Cham., 1907, it, (123. Seo also Levi, Mjgliorini, and Ercolin 

Qatxttta, 19081 38 , i. 683. * 

» White, J. Soc. Chem. Ini., 1903, 22 , 132. 

’ w Spring, Bee. Tree. Ckim., 1897, 16 , 237. 

u Pauling, Ztilech. Zltjproekem., 1897,3,332. 



o « 


62 . IRON *AND ifS COMPOUNDS. 

varied by immersing tiie carbon in ferric chloride solution in a porous 
cell, surrounded by a solution of sodium chloride into .which the iron 
electrode is made to dip. 1 * f * 

• Iron and iodipc interact in the presence of water, -evolving heatj 
ferrous iodide passing into solution. The reaction appears to take place 
.in’sfages involving the formation of ferric iodide, which decomposes 
into ferric oxide and hydrogen iodide, the last-named attaekiftg the 
free iron with the formation of ferrous iodide. 2 

The Atiioif 0 } Add *• upon Iron .—As a jjoncrul rule, wHbn acids 
act upon iron hydrogen gas is ev olved and the inettal Jirtsses into solution* 
in the form of a Icrrous salt. TMUs, for example, dilute sukplmrie acid 

solution reacts as follows c 

* „ 

‘ l'V I^IPSO, FcSOVl IF. 

ProHifiged exposure pit such solutions to-the air results in the more 
or less complete conversion of the terrors salt to the ffirrie Condition, 
which may either remain involution orjie precipitated <ns a basic salt 
according to circumstances. \flcr exposure to acid attack, the un- 
dissohed pieces of iron very (rcipicully exhibit a peculiar brittleness, 
but revert to lluir original condition if.kept for one or twy days at 
ordinary temperatures, or in tlicvoursc of u* few hours if gently warmed. 
This |)lieuoineiion was first observed by Johnson inr 1^71},. and the 
following year was proved by Reynolds to b# entirely due to the 
occlusion of hydrogen within I he' pores of the metal (see p. at). 

•The pure.’ forms of iron (wrought iron and steel) appear to be much 
more susceptible to I his kind of reaction than east iron.' 1 If the attack¬ 
ing acid is readily reducible by hydrogen, many secondary reactions 
t may lake place. Thu,s wit li nitric acid, oxides of nitrogen and ammonia 
may be evolved ; whilst with sclcnie acid a deposit, of elenfentary 
selenilVm ij ohiafnrd (s<V below). When iron is exposed to the action 
of acids that vil e also powerful oxidisers -such as, for example, fairly 
1 concentrated svliilimis of nitric and chromic acids,- it. is !'rc<|iiently 
rendered inert 1, or pasViie. 1 Its surface may remain perfectly bright, 
but the metal does not shv.w any appreciable solution in the acid, 
and if rcmoi'rd ajul immersed in dilute solutions of such salts as copper 
and silver sulphatesj no reaction takes |itaee, although ordinary active. 
,iron would cause an immediate' precipitation nf the more electro¬ 
negative metal. « , , 

jSulplmrie acid, in all stages of dilutioh, attacks iron. Hydrogen is 
evolved in the ease of/he ‘dilated acid, both ill the enldumd on warming. 
The concentrated acid yields lpiMfogcn in Wie cold, but sijjphur dioxide 
is the mam gaseous j.rodWt at f CY‘ There is no hydrogpn sulphide 
evolved.*, . ( . 1 

Hydrochloric acid readily dissolves iron, hydrogen 1 being evolved, 
ferrous chloride passing into solution. Thc«&te of solution appears to 
. be doubled for each rise of 10° 0. in temperature for concentrations of 
acid* ranging from 25 to 210 gravis per litre. Increase pi concentre- 

1 K Us ter, Ztil&ch. Klektrsehem., 1897, 3, 383. ' 

* Floury, J. Pharm 1887, (51 16, 529. 

5 Lode bur, Sldhl uiul Risen, 1887 , 7 . 881 . • 

* Keir, Phil. Trans., 1790, 80, 359 ; Wetzlar, Schictiggtr’a J., J827, 49, #70. For an 

account ol passivny, soe p. 55. • * 

* Berthelot, Arm. Chim. Phys.,i$d&, (7), 14 ,176 ; Adic/ProQ. Chem.£oc., 1899,x$,132. 
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tion of the acid likewise accelerates the raje of solution, the velocity 
being douBled f<fr each increase of 80 grams of hydrogen chloride per 
litre. The presence Af arssnious fexidc exerts ;> remarkably retarding 
effect upon the activity of tjlie acid. 1 . 

The action nitric acid upon iron is botfi interesting and 
involved. 2 * , • • * 

When iron is dissMved in acid of density I Ml, l>otli nitrogoi/ 
peroxide and nitric oxide are obtained in proportions varying with the 
umountAif solvent. i\ K believed that the nitric oxide is not a primary 
•product of the rw;«cti*n, but a secondare product formed by reduction 
of the pemxide.® * , * 

On reducing the density of the ngid to I -80. nitrous oxide is/orftied 
in amount equivalent to 7 jier <»ut. of the iron dissolved. ‘With acid 
of dfnsity t -i!5. the reaction is furl lief complicated, nitroifen and 
ammonia being produced: tljf 1 former gas reaches a maximum *iu the 
ease ofVicid «of density 1-15, and then lalling’.wliilst the ammonia 
reaches a maximum with arid of density 1 On.'' 

In the case of ffifr very dilfltc acid af dt nsity less than 1 -08f. solution 
is not aeeompaiBed by evolution of gas, but wit li t lie formation of ferrous 
nitrate ajid ammonium nitrate. 2 "Ifaeifl of density ranging from 1 084 
upwards to 1-115 be emjjoyed. the.resulting solution consists of a 
mixture iff I'Crrnus nitrate ami ferric nitrate, the proportion of the latter 
inereasiifir with the ^easily of the acid. With acid of greater density 
than 1 -115. ferric nitrate is the mam product, and acid of driisity I -88 
is therefore recommended for the preparation of this sail . 4 

The pure, anhydrous acid, free from nitrous mid and dissolved 
oxides of nitrogen, is without action on pure qualities of iron 1 even n't 
the boiling-point. , 

In. nitric acid of density 1-45 iron ■ cumins* bright, and refuses to 
dissolve. 5 When removed and immersed iiiKolutinnx.ifvoppcr sfllphate, 
no change takes place. In other words, the metal h.isjxt-n rendered 
“ noble ’’ or “ passive." » 

Carbonic acid acts on irofi. yielding ferrous <-arb*Kiate or soluble 
ferrous hydrogenlarboriate, and evolving hydrogen, 

Fed COjj ; I|,<) FrCO, > II,. . * 

A . . * • 

•This reaction proceeds slowly but Readily in thc'cold, and is aeceler- 

atrd*by vigorous shaking and the employment of iron tilings. 8 * 

Selenie acid dissofves ir«n with the production of 1< rrous sel#nate, 
FeScO,, and a deposit of selenium wlucli,co1leris oifllic surface (ft the 
undissolved jncfal, t hereby greatly retatding the react ipm No hydrogen 
is evolved, and the selenfUm is presumably Abtiiim-d by till' action of 
nascent hvdrogea upon thet-xeess of selenie acid. Thmf-• . 

. * 

* tyrf HjSJo, Sc. 

• 

1 Conroy, J.^oc. Chern. in//., 1901, 20 , 310. 

4 ScheurerfKestner, Ann. ('him. /'Ays., y*59, (3). 55 , 330; Arworthfand Armstrong, 
J. Chf.m. Roc., 1877, 32 , 54. See also Montsmartini. (JazzctUi, 1892, 22 , 250. 

3 Freer and Higloy^-dwier. Cftem. J ., 1899, 21 , 377. # 

1 Veley and Manley, Proc. Roy. Roc., 1897, 62 . 223, 

## Keir, tfhii. Trans., 1790, 8 o, 359; Wotxlar, Rctyneiggtr 'h ./.,•! 8'J7, 49 , 170. For an 
account of passivity, see p. 55. 

• • Sjeo Bruno, Bull. Roc. chim., 1907, (4), 1 , 661; Petit, Comjjt. rev$., 1896, 123 , 127$; 

• also this volume^ p. 68 . • • m • 
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The net result of the fcacty'on may be presented by^the equation 

3Fe+4ll 2 Se0 a =3F f Se0 1 +Se+^H 2 0. . 

< Chloric acid, both dilute* and in concentrated solution, attacks iron, 
the metal dissolving without evolution of hydrogen, the chloric aoitl 
» beinfe reduced. 1 ' • 

' Aqueous hypochlorous jicid slowly attacks iron, both hydrogen and 
chlorine being evolved . 2 * i 

The Action of AllcpHrs upon Iron. —Dilute 3 solutions*'of the 
hydroxides of t^ic alkali and alkaline earth nietifls h/V capable flf pre-* 
serving iron for an indefinite period from corrosion, provided they are 
kc/it out of contact with carbon dioxide, etc. When exposed .to the 
open ajr, the alkali is readily neutralised! by absorption of carbon dipxide, 
und the iron begins to corrode. Concentrated solutions of caustic soda 
or potash exert a slight solvent action'.upon iron, but they inhibit 
corrosion even wheit continuously exposed to the air, befausc*solutions 
of their carbonates at similar concentrations likewisjinhibjl corrosion, so 
that the absorption of carbon dioxide from the air is immaterial. By 
continued immersion in a saturated,solution of sodiifm hydroxide at 
100° C., wrought iron is rendered brittle owing to the absiyption of 
hydrogen. If.,however, the immersion is'still further prolonged, the 
metal loses its brittleness. It haV been suggested that tjie initial 
brittleness 4 is due to the more rapid absorption of hydrogen by the 
amorphous layers between the crystals of the metal than by the crystals 
therpselvcs, whereby a certain amount of expansion occurs, forcing the 
■ crystals apart and weakening their cohesion. After prolonged immer¬ 
sion, however, the hydrogen has had time to diffuse into the crystals 
, themselves, and thus Jo reduce the intercrystalline strain so that the 
brittleness disappears. " 

When iron is made the'anode in a concentrated solution of caustic 
soda or potash, a low current density (about 0 001 ampere per sq. 

, centimetre) beiyg employed, the metal is oxidised to the alkali ferrate 5 
and passes into solid inn. Sodium, hydroxide acts piore rapidly than 
potassium hydroxide, probably on account of the superior solubility 
of sodium ferrate. 

When electrolytic iron foil is immersed in concentrated solution*; of 
sodium or potassiun) hydroxide fot- several, weeks,,and, after thorough' 
Cleaning, allowed to corrode in distilled watcr ; the latter gradually 
becomes contaminated with traces of sodium or potassium salts, the 
prelenee of which' can 'lie 'detected by t lie spectroscope or by the usual 
Bunsen flame test . 8 Similar rcVults have iieeu obtained pvith lithium 
hydroxide', barium hydroxide, and ;vith anuni'mia . 7 Ifappears probable 
that the alkali pebetrates in minute quantities into the metal between 
the ferrite' crystals, possibly in, consequence of a certain amount of 
porosity in the intererystaflinc cement. This theory is supported by 
the fact that iron which has been soaked in alkali invariably “pits’’ 

. * r , 

1 HendrixBon, J. Amer. Chcm. Soc 1904,^26, <47. 

1 White, J. Soc. Chcm. Ing., 1903, 22 , 132. 

* Of the order of 01 per cent. 

4 J. H. Andrew t Trh.nu r. Famdau Soc., 1919, 14 , 232 ; 1914, 9 , 310. 

* Haber, Zeilsch. Ehk'trochcin.,\9i)l, 7 , 215, 724 ; Pick, ibid., p. 713. 

* Friend, Trau% Chetn. Soc. t 1912, ioi, SO. 

» Perkina, t*W., ( f914, 105 ,102. ‘ 
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badly when aOowed to corrodfc; and pitting is Usually associated with 
electro-chdlnical lictivity between the boundaries of the crystals. 1 

On boiling* pure <iron gently *in concentrated sodium hydroxide 
solution, ferrous oxide passps into solution, and upon oxjxisure to air 
oxidation to ferrio^xidc takes place . 2 

Fused caustic sodntaul potash, particularly under the influence*of 
pressure, attack iron readily . 3 # ^ 

Between 550° and <i<S0° (’. fused caustic potash attacks iron appreci¬ 
ably, btft the libornfi(ty*of hydrogcii or potassium oj the formation of 
•waterdias not burn demonstrated. What. therefore, the precise action 

is, rcmains.imocrlaln . 1 t • , * 

In the ease of fused caustic soija between 100 and 720” C. 4hc 
evolution of hydrogen and the .format ion of water have both been 
obserVed, indicative of the production of a compound l'V(t)N T H),.' 
Since caustic soda can be thqrongldy dehydrated at t 00 ° ('. and jtyder- 
goes no * r urth«r loss on heating to 720' ('., the formation of water on 
heating with iron eamiot be flue to simple decomposition according to 
the equation * ' * • * 

• L’XnOII Nii,() i 11 2 (». 

• • 

At wfiite heat, according to I)e\illc.* metallic sodium is obtained. 

When* lifted with sodium pcw>xi<fe, iron yields claVk red tabular 
crystals flf the monol^ydratc, Fc.,0.,.11,(). Density O H . 7 

assivity of Iron. In 1790 Keir "jlrew attention to the f»et that a 
pirn' of iron, when placed in contact with nitric acid of density 1 '+j, is 
rendered inactive or piixshr. It does not appear to dissolve in* the 
acid*; when placed in a dilute solution of copper sulphate it does ndt 
effect the deposition of copper : and when immersed in ordinary pvatcr 

it. exhibits remarkabh resistance to corrosion? And this, in many ' 

cases, to quote the words of Keir “ witliguj the Igatt dimimftion of 
metallic splendour or change of colour'’ (see p. ,77). • 

Nitric acid is not the only medium which may be employed fy the 
passivifleation of iron. Othei*acids such as chromic,'"^die,” arsenic, 12 * 
chloric , 12 hydroniAic , 13 etc., exert a’similar aetmn, as also do mixtures 
of two or more acids or acids and certain, salts, such, tjpr example, as 
sulphuric and nitrous acids, or a mixture of thcec with potaksium 
.iocrate, etc . 11 Iron may also be tendered passive I if immersion in 
aquctius solutions of many oxidising metallic salts such as silve# 

• • • * 

l ^ee Aitchison’s theory of the mechanism of corrosion, p. 71. • 

* Haber, toe. at. • * • * * 

* Sec Kestner, Hull. Hoc. chim ., 18&7, 15 , (3fc 12/50; Crflves, Proc. Chan. Hoc., 1903, 
19 , 158 ; Venatftr, Cty>m. Zdt., lflfto, 10 , 319, 380. 

* Lo Blase and Weyl, Bar., 1912, 45 , 23001 » 

6 Le Blanc and BAgmann, 1909, 42 , 4728. 

* Deville, Aim* Chim. Phys., J8f>5, ( 3 )# 43 , 5. # 

T Dudley, Amer. Chem ../., J902, 28 , 59. 

■ Keir, Phil, Tran*., 1700, 85, 359. , 

* Although originally thought to l>c insoluble in nitric acid, this is not actually the 
case (Faraday Experimental Researches, scries vni., §§ 947, 998; Belek, Dissettation, 
Halle a/S., 1888). 

*• Beetz, Pogg. Annalen, 1844, 62 , 2:44 ; 1844, 63 , 420 ; J846, 67 , 180, 286, 365. 

» Phillips, Phil 3 fag., 1848, (3), 33 , 509. 

11 jftoutmy and Chateau, “Cosmos," Revue des Spences, 1801pi% 117; Phillips, toe. 
cit. * * 

• ** When stirred (Turrentine, J. Amer. Chan. 80c., 1911, 33 , 803). # 

« Bchonbein, J>ogg. Annakn, 1838, 41 , 42; Daniel!, Phil. Trans., X^, 126 , 114. 
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nitrate, 1 lead nitrate, potassium permanganate, soluble bichromates, etc. 
Hydrogen peroxide passivities the metal, and a piece <$f cleafted electro¬ 
lytic foil may be immersed in a warm, dilute •Solution of perhydrol 
without evincing any sign of corrosion, yven although its surface is 
* continuously swept with bubbles of oxygen due to Die catalytic decom- 
i position of the puroxidc. Similarly iron may "be rendered passive by 
\niuking it the anode in an electrolyte containifig water. 2 • 

Gases, also, may cans# i*m to assume the passive state. Com¬ 
pressed nitric yxide is a ease in point. 3 The vapours of concentrated 
nitric acid have for mant* years been known to :#'t similarly. 4 • • 

Dry nitrogeS peroxide indit^ek a more intense jtassivity.than nitric 
acid when allowed to come into contact with iron- an observation 
which‘suggests an explanation for the fact. that, iron is only rendered 
passiv# by nitric acid which is either yellow or red, whilst passive iron 
is actually rendered active by immersion in colourless nitric acid 
solutions. Apparci^kly only acids of such conccntration.s»as ns 6 capable 
of yielding nitrogen peroxide in contact with the metal arc able to 
exert, a passiv dying aelion. •This is further supported by the fact that 
by passing nitrogen peroxide into those concentration! of nitric acid 
in which iron is normally active, the Inctal becomes passive . 6 

Te.stiiifi Jor I’u.sxirili/. According to. Ileatheote, 6 iron may be 
regarded as pilssive when no eliemical action can be (fcftctVd by the 
unaided eve alter immersing, shaking, and finally holding motionless a 
piece ol the metal in nitric acid of density 1 -20, at the room temperature 
( (15° to 17° ('.). This is a preferable method to that of Sehdnbein, 7 

wild employed nilrie acid of density ] ■,‘J5 in a similar manner, because 
this latter eoneentralion of acid is sullieient to render active iron 
passive, 8 wliereas acid ol density 1-20 docs not do so, at the room 
• ternpiraliirc. • , 

It is imporVnp to nptv, tliis temperature restriction, however, for 
whorcifs nitric acid of^dinsdy 1*250 does not render iron passive at. 
0 ° C„ yet if tile temperature is raised to 10 c ' (’. or above, the metal is 
• readily passix ilto-d " by it. 

Dunstan 10 recommends as a convenient test for patsivil v the employ¬ 
ment of a 0*. r ( per cent. sohiKon of copper sulphate. This solution at 
once deposits a lilm of copper on active iron, whilst the passive metal 
will remain, ofttimvs for hours, bright, and apparently entirely *un< * 
Affected. ■ ' ' 

The action of distillcdVatcv on iron may alsti he used as a test for 
passivity. 11 Active inpi immersed in it usually shows visible sighs of 

• * • • 

f. 

1 Bergnuinn (Opibcula Chi mu* el Phgsica, 1779-8^3, 140. S** aU> do Bonneville, 

J. Iron SStvd I tint., 1897, M., 40. Soiylefrtis ( Hull. fjoc. rhnn., 1890, 15 . 091 ; 1897, 17 , 
•279) bad ftbrady'olwt'rved, prior to the discovery hy f lveir of the'passivity of iron, that 
this metal (lefts lurifprecipitfitc ftlver from concentrated aqueous solutidttg of silver nitrate. 

• Rvmann, Her., 1881, 14 , 143$. t 

8 Vnroime, Compt. r< nd., 1879, 89 , 783 ; j 880, 90 , 99ft. 

4 Ronarri, ibid., 1874, 79 , 159. 

6 Young and Hogg, J. Physical ('hem., 1915, 19 , 017. 

• Healhoote, J. tioc. Chnn, lml., 1907, 26 , 899. 

7 Sehdnbein, Pogg. Annalen, 1830, 37 , 390, 590. Compare Noad, Phil. Mag., 1837, 
(3), 10, 270; 1838, (3), II, 4$. 

• Faraday and Sohtfnbein, Pln\. Mag., 1830, 9 , 53, 122. 

1 Young and Hogg, loc. tit. 

, 10 Puna tan, Trqns. Cheat. Soc., 1911, 99 , 1835. 

u Dunstan, hoc-, tit. « 
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corrosion in frorj 8 to 10 minutes, whilst the passive metal may remain 
perfectly brigjit for an hour or more. When, in this latter ease, 
corrosion begins, thc%otion is vert- local for a considerable time. 

Passivity is also readily detected electrically 1>\ the difference in 
potential bctwcen.passive and active iron. 1 * the tormer having a lower 
potential. This is a*particularly convenient method of detAefina 
passivity caused by anodic polnrisutiyn. * 

\jU'ause of Passivity. Several theories have been suggested to account 
for pasfiivitv, but mitotic theory sulliecs toy-xplain every ease. The 
• probability i.s tlfct several kinds of piiy.ivitv exist aij 1 that not a few 
of the different theories are correct irt aertnin eases. 

(1) The oxide theory, apparenth» the first to be suggested. 3 pdktu- 
lates the formation of a t^iiu hfyer of oxide upon the surrtic^ of the 
metal, thereby protecting the underlying portions from reacting. 
Such an action is not at aU* uncommon. Thus ordinary lead «if* well 
known f»> resist, atmospheric corrosion by reason %f the thin protective 
film of subo.-yde formed on iTs surface. Aluminium behaves similarly, 
and the dillietilty of linding a suitable sofdcr for the metal is connected 
with this oxidA layer. The theory receives substantial support from 
the faef^that most, passivifyjng agents arc oxidisers, and is in entire 
harmony with the fact that passivity js a surface phenymenon and can 
be removeef lyy mechanical professes or by heating in a reducing 
atmosphere. • 

The action of :i per cent, ozone ii*the cold is a sensitive Incthod of 
detecting a film of oxide on a metallic surface, inasmuch as a visible 
deposit of oxide is immediately produced. Iron which has been 
pas.xivificd by immersion in nitric acid or anodieallv in dilute sulphuric 
acid instantly reacts with ozone, showing that its surface is coated 
with •xulc.* Active iron, on the other hand, cxfiibitx no such sensitive¬ 
ness towards ozone. The nature of I he oxi(te«s uncivl Ain. It Sirs been 
suggested 1 S that it is not likely to be higher khan Fe() a . tmt may bo 
Fc0 2 . _ # ’ *" • 

Exception to this oxide theory.,ho\vc\ er. Iwjs beeii4aken by Miiller 
and Iviinigsberger, 6 on the ground that tin ri Meeting power of iron, 
rendered passive anodieallv when ininii rseif in alkaline solution, remains 
uiytimmrd, whereas if a layer of oxide wife formed fm ^Iteration would 
•be expected. I5ut # it is not neeessSry to poslnlitf^’ the formation of a 
thiclc layer of oxide. If ol merely nioli euhy ilimensions. it would still 
preserve the underlying mvtal from Attack, whilst a Ihiekness.eom- 
parable with that of the length of a liglj Wnw would be necessi#y to 
affect the reflecting power.? * < • * , 


1 See Flflde, y.nhch. phynlnt. i'hrm., 191?, 7#, a I a, clc. • , 

1 See Sohonbein anil KarintavV Plot. Mm/., 1830, (3) t 9, §3. 122 » 183y 13), 10, 175; 
Poyg. Annalen, rttlO, 39, 342 ; Hrlmnljcaft ihnl 1 1830^37, 31)3; 1 -Sltri,*38, 414; 1838, 41, 
42; 1838,43, 1 ; 1843. 59, 14%421 ; lliety,, lor. nt.; von Martens, Pogij. Annaten, 1844, 
61, 121 : Wetzlar. Schu'eo/gtr’x .1 . 1827, 49. 470: 1827, 50, 88, 129; Sc.hdiibcin, Dm 
V erhaltcn des Ripens zum Saurntoff {Unset, 1837), 

s Mauchotf Her., 1909, 42, 3942. 1 • * • 

4 Bennett ami Burnham, Troiot. Avar* Klectroch 111 . Sue., 1918, 29, 217. Soo Also 
Haber and Goldschmidt. Zcitsrh. RlrUrurhrm . 1900, 12, 4 ! A 

S # VV. J. Muller and Konigsberger, Zeitsch. Eh klrork/ in., 1907, 13, 0511 ; 1909, 15, 742 | 
Physical. 'Aitseh., 1904. 5, 415, 797 ; 118)5, 6, 847, 840 ; 1900, 7, TOO ; Muller, Zeitsck. 
Blektrochem., 1905, II, 823. 

* See Findlay, Ann. Reports Chin. Roc., 1907, 4 , 28; also K fares, Zeitsch, Pit loro- 
than., 1909, t$, 490,98^ wifh the reply of Muller arutKSnigsberger, ibid.’, p. 742. 
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On the other hand* wh*n highly polislied iron rod^are immersed in 
concentrated nitric acid u visible dulling usually endues* This is 
exactly what might be anticipated irf accordance fcith the oxide theory, 
inasmuch as such p powerful oxidiser might easily induce the formation 
of a sufficient thickness of oxide to he visible. 

*(2) Gaseous Ftlm Theory .---It is well knowi? that gases frequently 
dhere with extraordinary tenaejty in the form of thin films tft solid 
surfaces, and it has been suggested that some such gaseous film is the 
cause of the passivity assumed by iron in eertftin circumstances. The 
film need not necessarily he igic of oxygen, although in, perhaps the* 
majority of cases I his may he thc»prc(lominant gas/ Nitric* oxide 3 or 
nitrogen 4 gas may likewise induee«passivity in this manner. 

It ipaf be presumed that whilst gaseqps films of widely differing 
gases may in the main hcliuvg alike, they will yet show minor differences 
or eedentricitics in their behaviour. ATI explanation is thus forth¬ 
coming for the differences in the behaviour of irons passiettied ill various 
ways. Thus, for example, iron that has been rendmjl passive by 
anodic polarisation in sulphuric* acid defers slightly from that pas- 
sivified by immersion in concentrated nitric acid. • In the former 
ease if is therefore presumed ’that the jnctal is covered wi^h a film 
of gaseous oxygen, hut in the.latter with a film of some oxide of 
nitrogen . 8 * . * 

This, like the oxide theory, has much to Ireeommend* it. An 
explanation is afforded for the superficial nature of passivity, and the 
theo/y also cjffers an explanation for the passivity induced in certain 
cases where oxygen cannot he the cause. 

A close connection has been found to exist between passivity and 
, photo.electric behaviour. Thus dry, active iron is found to exhibit a 
considerably higher plioto-clectric activity than the metal rendered 
passive.by immf rsion in roficcnt rated nitric acid or by anodic polarisa¬ 
tion in dihfle,sulphuric acid ; and this is regarded as supporting the 
.gaseous film theory." 

( 8 ) Physical Theoriys. Several theories have been put forward 
according to which the phenomena of passivity are due to a physical 
change in the*super(icial Inters of the iron. What the precise nature 
of that change pint be remains a matter of controversy. 

According to softie authorities*’ passivity is the normal state of* 
Jure iron, the metal oply taping rendered aefivc by the presence of Some 
catalyst, such as hydrogen or hydrogen ion.*, whicli increases its solution 
pressure. This view rfccfvcy powerful sup)x>rt from the ex|»erimcnts 
of Lambert and .Thomson, 8 wins prepared .specimens of exceptionally 
• i » . * 

1 Heathcote, 7. .So*. Cheat. Ind., 1917, P>, 899. « • 

* See OAijn. Petpg. ,4«»ffr>ul855, 96 , 498 ; do Region, Cotnpfi rend., 1874, 79 , 299 ; 

M ul h man 11 and Frauenherger, Zeitsrh. F.kktmRem., 1904, 10 , 929. ** 

* Mouaaun, Pogg. Annate m, 1839, 39 , 330; Vitronnia't’em/S. rend., 1879, 89 , 783 ; 
1880, 90 , 998; Ann. Ckim. Phys., 1880, (if), 19 , 251 ; 1880, 30. 240; Fmlonhagen,, 

> Ztitsch. physikaL Cham., 1903, 43 , 1; 1908, 63 , 1; Zeilsch. KUktrochenm, 1905, 11 , 857; 
1906, fe. 797. * * . * 

* St F,dmf, Campt. rend., 1891, 53 , 930; 1888, 106 . 1079. 

* Fredenhagen, lor. ril. . * 

* H. S. Allen, Pm. Roy. Soe.. (913, A, 88 , 70. , 

1 Foerater, Abhentdltngen der Batmen GcseUscbafl, 1909, No. 2; Grave, Zettdkh. physikaL 
jQlem., 1911, 77 , M3. See alan Ader, ibid., 1912, 80 , 385; and he Blanc,. BbUimann 
Ftstehrijt, 1904, T>* 183. 1 

1 Lambert aba ’Shoraaon Trans. QMn, Soc,, 1910, 97 , 2(26. . 
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pure iron by methods already Indicated (see p. &£) and found them to be 
remarkably inert or passive. 

Other investigate*; 1 have suggested allotrqpy as a possible cause, 
a layer of passive, allotropic metal being,formed in contact with the 
passivifying reagent. This, however, is simply substituting another 
name for passivity mustimelj ns no explanation of thts type of allotropy 
is forthcoming, if thishllotropy is due to a rearrangement of the atomy 
in consequence of change of valency, this fhcory is equivalent to that 
of Kriijpir and FinkiVtein,* who regard ordinary petive iron as the 
•femurs or diyalont variety, the passive jmctnl being %rie or trivalent. 
Since valency is ah electrical pjiemaigMion, the valetfcy hypothesis is 
equivalent to assuming an olcotrira^diffcronoe between the active find 
passive metal. This is the basisof Muller’s theory. 3 • 

Ah attractive hypothesis is that of Smjts, J who inclines to the vifcw 
that iron contains, in addition to uncharged atoms and free eleftjons, 
two kind*, of gins, a and /}, which differ in their haetivity, and which 
are in equilibrium with one ahother. Thus : — 



The production of the passive state is •attributed to a disturbance of 
this equilibrium. During anodic polarisation of iron the more reactive 
or a ion? dissolve with greater* rapidity than equilibrium can be 
established, with thefesult, that an excess of “ noble,” inert, or passive 
/3 ions collects on the surface of the inrtal, tending to r< nder tt passive. 
This explains why passivity is purely a surface phenomenon. Hydrogen 
ions, like halogens, are assumed to eatalytically accelerate flic eonvefsion 
of a into fi ions until equilibrium is re-established. 

When iron is immersed in a passivifying reagent such as nitriy acid, 
not only do the a ions dissolve with great rapidity ; but the acid, being * 
a powerful oxidiser. quickly removes any hydrogen* ions fijlin the 
surface of the metal and thus reduces the tendency for equilibrium to 
be re-established, and the metal again becomes thoroughly passive. 

If, now, the current density is,increased Jo suelrjin extent that* 
oxygen begins tif be evolved at the anode, all the hydrogen ions, 
normally present in ordinary iron, will b<*completely ex|xdled from the 
surface of the metallic tendency for reversion to ••(juilihriinn of the 
’« fftiei ions being reduced to a nii»iintini. In oSbtr words, the metal 
is rendered thoroughly passfve. • 

If, on the other handt iron is inuftersed in a solution of fefrnus « 
chldMdc, although the a ions rapidly dissolve [passivity is not induced 
because the chhfrine and hajogtfn ions inpidly readjust the equilibrium, 
and the /3 iifns never accumulate in* sufficient excess on the metallic 
surface to produeg passivity# * * • • 

Iron whicjj.has been palssivifipl anodieally ckn be tendered active 

1 See especially Keir, loc. cit. *Sendcre.n»,#/tM/f. tioe. ehivt., 189ft, pi}, 15 , 091 ; 1897, (3), 

17 , 279 ; de Ben^viUe,,/. Iron Hltel Inst., 1897, II., 40 ; Hillorf, Zeilsch. phyeikal. Cham., 
1898, 25 , 729 -.,1899, 30 , 481 1 1900, 34 , 386,; ZeiUch. Elektmhem.. 1898, 4 , 482 ;• 1889, 

6 , 6 ; 1900, 7 , 108. • 

* Finkelstein, Zeilseb. phyeikal. Chem., 1901, 39 , 91. , 

* W. J. Muller, Zeilsch. physical. Chew., 1904, 48 , 677 ; Zeiteeh. Eleklrochem 1905, 

tl, 7ot>, 823# Fredenhagen, ZeiUch. phyeikal. Chew., I1W8, 63 , 4. • , 

‘ Smite,, Proe. K. Akad. Wetensch. Amsterdam, 1913, 16 , 191. See alao Smite and 
liobry de Bruyn, ibid., 1917, 19 , 880; Smite. J. Soc. Chem. Ind., 1914, 33 . 928; SmifS* 
and Aten, ZeiUch^ fdiyeikal. Cbm., 1915, 90 , 723 ; De Engenitur, 1915, j?. 357. 
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by the introduction of hnJogen ions; t?y the electrijjlysjs of a mixed 
solution of ferrous sulphate and chloride passivity can *e made a 
periodic phenomenon. 1 . * • 

* . 

From the foregoing it is evident that widely divergent views aw 
. heldVas to the eaflse of passivity. For fyrthef particulars the reader 
us referred to the subjoined references. 2 * • 

An instructive series ol pa|>ers on passivity was read at the general 
discussion on Hie •subject held by the Farada£ Aociet.y, Novefti her 12, 
1918. The pawns are printed in the Transactimns' <*f the Society’ for* 
1914, vol. i.\. . • , . 


Properties of Iron Powder.- Iron powder, as obtained bv the 
reduction of ferrous or ferric salts, is considerably more chemically 
reactfavc than the compact metal. Thus, ^ie powder obtained by reduc¬ 
tion of iron oxide, »*arbonale, or oxalate in a current «f hydrogen at 
440° C. is pyrophoric, becoming ineamhAeent upon exposure to moist 
air. It decomposes aeetylcm* wifli ineamfeseenee,depositing free carbon 
and yielding small quantities of benzene.' 1 Reduced iftni absorbs some 
2 per cent, of nitrogen at atmospheric tciypcratmc, the solubi|ity of the 
gas being proportional to the square root <*f the pressure. 1 According 
to Sieverts, Kalilbaum's reduced iron absorbs nitrogei^af 9(?0 ’ C., and 
this is quantitatively released on cooling.*' • * 

VVlieif maintained at 810" to 820° C. lor about forty-eight hours, pyro¬ 
phoric iron ^transformed into the non-pyrophoric form, the change being 
accompanied by an increase in volume." Probably the pyrophoric 
form consists of a mixture of molecules of different kinds which are 
not iu a state of equilibrium. 

Nitrogen peroxide*is decomposed by 'educed iron at the ordinary 

1 Rmlts aijct Lnlirv do linivn, I'nir. K. Mini. II i hutch. A muter,him, Hlttl, 21, '.182: 
1910, 18, 8(17. . 


, 1 FcohllfV. Srlimnjgn’s 1828, 53, 12(1 ; IS.'tll. 59. I 111 ; /’or/;;. Amuihn. ISStl, 47. 1 ; 

Braoonnol, Ann. (2). 52,£811; ?'«./!/. Ainmtni. i 8:1:1,29. 174; llorsoliel, 

Ann. Chilli, l'liy*.. 183:1,(2), 54. H 7 ; /*„</,/. Annul,11. is:il, 32 , 211*. Audreys, Phil. Mag., 
1838, 11, 30,7 : Pmc. lioi/. A 18(10*49. 1st ; v«m Mart eus. IAnnnlni. iHI2, 55, 437, 
612; 1844. 61. 127 ; Nohoim r Kotrlnrr, Ann. ('him. Pln/n.. 18.79. (3), 55, 330; llctdt, 
J. praki. Chem., 18^3, 90, 107, 257 ; Drduuy, Amt 1 . J. Sri , 1K($. (2), 40, .'{Hi; Thoiniiuson, 
J. Chem. S'or., 1X09. 227^25; 1e Blanc, Znthch. Elektrorhrm., 1000, 6, 472 , 100.), II, 703* 
Oatwftld, »Aw/., 1001, 7. 035; ZCheh. phymkal. t'hfim., 1000, 35. 33, 211, Hcdthcote, 
Zeitsch. physikal ('tom., 1901 ,*^7, 3<*8; Mugdan, Zt+t*ch.M Uroehem., 1003, 9, 442; 
SftokOr, ibid., 1001, 10, S41 ; 1000, 54. (ill ; I0OS, 14*007 ; K Muller and Spitzer, Ztfitsch. 
anoJft, Chem., 1000, 50, 321 • (Jftrd.^i and Clark, ./. Amu. Chem. Sot, 1900. 28, 1534; 
Zeitsch. Elektrorhrm ^ I000*i2, 700, Ikulior umf Maitland. Ibid., l907, 13, 309; Faust, 
ibid ., p. HU4 Byers,./. .Iwcr. (tyem. Nor., 4 ! 908, 30, 171%; Kistmkoyakv.*^ ren/fl Internal. 
Gong. Applied (\m. % 19(19, Scot. X. £0;•Alvarez, %tihch. EleUiochtm., M)09, 15, 142; 
Bvors and Darrin, J. Amer^C hem. Sot , 1910, 32. 750«Schoeh an#Randolph, J. Physical 
Chem., 1010, I4, #, n9; lUade find Koc^. Zeitsch. Eletyiorhem., 1911,* 48, 335; Zeitsch. 
physikfli. Chem., 1914. 88 . 307, ifliO; Turrentme, J. Anvr. ('hem. Sor., 1911, 33 , 803; 
Byers and Morgan, ibid., p. 1757 ; (irulto, Zytsch. Klektfochem , 1912. 18 , 189 ; Bvora and 
Langdon, J. Atner. Soc., 1913, 35 . 759, 2004 ; 1910. 38 , 302 ; M‘Leod-B*>wn. Chem. News, 
1913 , 4107 , 15 ; *Hanannin, Dissertation, Tec^- Htwdiaelmle. Berlin, 1913; IJathert, Zeitsch 
physikal. Chem., 1914, 86 , 507 ; Foerster an«l to-workers, Zeitsch. Eleklrochem., 1910, 22 , 85; 
Stapenhorst, Zvilsrh. physihd. Chem., 1017, 92 , 238. 

• Moissan and Moureu, Bull. Soc. chim., 1890, 15 , 1290. 

4 Jurisch, Stahluml Eisen, 1914, 34 , 252. ^ 

1 Sieverts, Zeitsch. physikul. Chew., 1907, 6o, 129. Q 

% . • Smits* KettAr, and de Gee, Proc. K. A had. Wetensch. Amsterdam, 1914, x 6 ,999. Se* 
*l*o Smita, ibid., 19 # 13, 16 , 699. • • 
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temperature, thelnietal becoming incandescent and yielding a mass of 
ferric ox id?, I'e/*.,. 1 Nitrous oxide is reduced at 170° C.. and nitric 
oxide at 200° t.. ferixAis oxide resisting. . 


a considerable quantity of carbon is dcpofitdll. If. however, the carbon 
monoxidh is admittcd’jth a closed vessel containing heated metal, 
absorption of the’ gas takes place, possibly with tUc formation of 
cementite .that is,"iron carbide, .Fe.,!* , * 

In contact with air and water frqp powder readily rusts at ordinary 
temperature. When warmed with water, hydrogen gas is*ovolvcd.® 
Dilut? solutions of sodium and potassium hydroxides arc decomposed 
at their boiling-points in a similar manner. Under the influeinje of 
gentle hf»it. iren powder decomposes steam—a reAelion that has been 
recommended as a most coifvenient. one for rajiidly obtaining small 
quantities of pure hydrogen ? 1 The* gat, is evolved at considerably 
lower temporal arcs than when compact iron is useil. decomposition 
proceeding slmvlv. in the presence "of Kafilbaum’s reduced iron, at about 

. ■ • * ... , . 

Finely?dftdfjcd iron decomposes sulphuric acid of density 1-75 at 
200 ° C., fielding stil| 4 mr dioxide. 1 * * 5 * ’ 

It is spontaneously inflammable 411 sulphur vapour, tliff ignition 
temperature lying below Its ’ C . 7 

The exceptionally pure reduced melal obtained by Lambert 8 "and 
Thomson possessed several unusual properties. Thus, it exhibited 

remarkable inertness or "passivity.” remaining free from rust .upon 
prolonged exposure to air and lapwaleiv * 

fold, dilute sulphuric and mlrie acids h»d.vcrv little aeliopjon the 
melal, but on warming the iron nadily dissolve!. Aqneoir, hydrogen 
chloride atlackrd the metal even in the cold. Saturated adntions of 
t he sulphate or nil rate of coppiV exejti d no act mil al oi^imiry tempera- * 
tures ; even aftef an exposure of several months to copper sulphate 
solution, no change could he delected in fit# iron when e.vimined under 
the microscope. On.raising to 100 Jiowcv < r. the iron gradually 
• *lis*olved, copper being simiillaiuoudy deposited. ^ 

Solutions of copper chloride, when concentrated, immediately 
attacked the metal, difiosifing copper. •Kvcn dilute solutions (lessjhan 
onefier cent.) attacked the iron, although slmvlji. ■» 

Copper was Slso dcnositcd An the metal if life latter was siibjeeled 
to pressure fn an agate mortar pridr to being yhieed in bhc copper 
sulphate sMutiou, Pressures with a Tpufltz rod whilst immersed in the 
solution had iyjike effect. _ * 1 *, 

1 Sabatier and Senderens, Cnnijit. rend, 18412,114, 1429; 1S1I2, 115. 2117; 1895, 120 ,018. 

2 Adhikary, (JJtem. News, 391 112, 193. 

• Halt and^luibourt, Omdin-Krautuiu. 390; Rainann, Her., 1SH 1 , 14 , 1433; Bimio, 
Ohm. Wcekblad, 1907,4, 291 ; Friend, 7. him Sled lull., 1608, II., 5. 

• Biraie, Chan. Ze.nlr.. 1907, I., 1771. , 

5 Friend, J. Went Scotland Iron Steel hint., 1910, 17 ;, 60. 

■ Hart, Knejli.th Patent, 13950 (1885). . ‘ 

1 Ohma^n, Ohm. Zentr., 1911, 1., 458. 

■ * Lambert and Thomson, Trans. Ohm. Soc., 1910, 97 , 2426. 

• Lambert, »4*d., 1912, lot, 2056. ‘ 


Nitric oxide is almost quantitatively converted injo ammonia 
mixed with liydrogyn and passed over the warmed metal. 2 The rei 
begins at about 300* C.,*andjs very rapid at 350° C. • ’ • • 

Wlfri 1 heated ill a continuous current of carbon monoxide at 050° C.,’ 


when 
reaction 
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These remarkable results might be attributed to ajfilm o| hydrogen 
protecting the metal in the first experiments from attack* in copper 
sulphate solution, the Jilin being dArupted in the later experiments 
i by the pressurebut specimens of the metal which had been heated 
for several hours* at 1000 ° C. in a vacuum, until spectroscopic tests 
, s lib Wed that all hfdrogen had been removed, b 1 *havcd in precisely the 
'"same manner. • , * • 

When the pure metal was*treated with ferroxyl (see p. 72), unlike 
ordinary iron, it rtmainegl quite bright for an indefinite time, rflanifest- 
ing no tendency to corrode, fin applying pressure iocajly, however,* 
corrosion set in, a pink colour .develqping round the pressed portion, 
and Turnbull’s blue appearing rqjinN the impressed parts, indicating 
solution <#' the metal. • t 

Iron sponge is prodiiocd,comniereially. notably in Sweden, whence 
it w»s» prior to I lie Great Kuropean \Var,V‘xported to Germany for use 
in open-hearth slccbhiumifacturc. The process consists «u heating iron 
ore and coal placed in alternate layers Ai a vessel sealed against the 
entrance of air. The source* of*heal is'producer gas made from an 
interior type of coal, and I he vessel is successively hettted and cooled 
tor from live to seven days.* The maximum temperature,attained 
during the heatings ranges fr<*m 1050* hi 1200“ V. The resulting 
spongy iron consists of approximately 1 • * 

. 1 • 

• Iron .... 00 to 07 per cent. 

Sulphur . . . * . 0-01 to 0 02 ,, 

• Phosphorus . . . 0-012 

Silica .... ] t ,, 

Spongy iron aels as a powerful reducer towards organic matter 
dissolved in water . 2 * In some eases marsh gas is produced. The 
organic nitrogen ii in uciyly all eases reduced to nitrogen . 3 

Iron amalgam eangot be oblained by direct union of the elements. 

^ By introduction of a 1 percent, sodium amalgam into a concentrated 
solution of lcr$ms siiljihnte an irqn anlulgam is obtained as a viscid 
mass, which is attracted by a magnet in small pellet*!. It may also be 
prepared bv triturating powdered iron, mercuric chloride, and water. 

A more eonvcnicitt method, perhaps, consists in electrolysing with a 
very weak current ^saturated solution of ferrous sulphate. A butfdhe • 
*>f iron wire serves as anode, whilst the ehthode consists of platinum 
foil dipping into a small (fish of mercury. , The frou amalgamates with 
thessncrcury, and at the conclusion of the process excess of the latter 
element is squeezed (Ait, leaving an afhalgam of buttery consistency 
and containing from JO to 12 per font of irons 4 . '* 

Ramann 6 recommends addition of a small quantity of Water to a 
mixture of sodium amalgam and firqiy divided iron, ,'l^lu: product is 
squeeiivd to remove excess ftf mercury, a crystalline amalgam being left 
which contains 15 75 per cent, of i*on and corresponds to the formula 
^aHga- I r 9 n amalgam blackens both upon exposure to air and water. 

• | • 

1 Handy, Proc. Eng. Soc. H'esfern PennnyXmnia, 1913, 20 ,1. See also SlaU und Bine n. 
1912, 33 , 830. • • 

* See experiments by Hatton, fram. Ckem. Soc., 1881, 39 , 258. 

* See this series* VBlume VII. . 

4 , * Joule. Afem. JfoiwAMter Lit. Phil. Soc., 1865, (3), 2 , 116 ; Fowler, TratuJJkcm. Soc., 

1901,79,290. » •* 

‘ Rainann, ‘Btr., 1881, 14 , 143£ 
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WhCu heated, melcury is expelled, and a porqus iAm left behind. Upon 
slow oxidurton in'air ferrous oxide is produced . 1 

Colloidal into, together with a small quantity of ferrous hydroxide 
and a ferrous salt, is obtained by electrolysing a solution of pure gelatin 
fijid a dilute solution of an alkali chloride or sulphate between iron 
electrodes . 2 The sol r<*eniblos those of lead and Ixsmuth in that*it, 
bears a positive charge* Tfic majority of metallic .sols, on the other 1 
hand^jjrc negative. • * 

Colloidal solutions Qftiron in ether have been obtained 3 by allowing 
♦parks to pass between iron wire clippings immersed iiuthut liquid and 
' connected up with flu induction eojl. * . * 

Pyrophoric Iron.—Mention hail a^cady been made of the fact that 
reduction of iron oxide, carbonate , 1 or oxalate 5 in a current ofdiydrogen 
or curiam monoxide results m the formation of a very pure irop*in the 
form of a black powder. Il/the temperature is kept low throughout 
the experiment namely at about t:!a the nVdting iron powder, 

usually contaminated with more or less ferrous oxide." is pyrophoric, 
becoming ineifndeseeid when Exposed to flic air in consequence of the 
heat set free by the rapid oxidation of the metal . 7 Complete reduction 
to metallic iron at this temperatfire, hftwever, is exceedingly slow in 
taking place. Ferrous oxide Is first fqrmed, and it was not until the 
passage (if hydrogen had been continued for ninety-six hours that 
Moissan “nvas, in his experiments, able to obtain the iron ( nlircly free 
from oxide. At 000 ° the react ion proceeds fairly rajiidlyf but the 
reduced iron is not pyrophoric. 

Pyrophoric iron decomposes water rapidly at .50° to (id €., and its 
action is perceptible even below 10 C. Its reactivity appears to be 
independent of the presence of occluded gases or the presence of cajbon, 
and to Jr solely dependent upon its line slate of division.* 

Iron as a Catalyst. Metallic iron can, iiwgrlaiu uireumstanjJ's, act 
as a catalyst, in this respect resembling, albeit feebly, the more noble 
elements of Group VIII. of the Periodic Table. Tims, *f<awc.sample, 
iron assists the production of ufnmoyiu from a yiixture^f nitrogen and 
hydrogen at S00°*to 1000° (.'. under a pressure of 100 atmospheres. 
No ammonia is obtained under these conditions in a pony-lain vessel if 
iron or any other catalyst be excluded. 8 • • 

•• ^Vhen reduced iron is heated witA certain nit n^Tnous organic sub¬ 
stances and metallic sodium* a cyanide is formed, the iron apparently* 
acting as eatalyser, bciitg alfeijiately oxidfced and reduced .' 1 The presence 
of potassium cyanide in blast furnaces is thusacvlily accounted for* 

Metallic iron*sometimes behaves a, a negalite cnlahjsl. Thus, for 
example, the^vetivity of palladium as*a hydrogen furrier is reduced by 
contact wifh iron,.whereas e#balt an 8 nickel exert n<»su*li influence . 10 

1 F 6 r 6 e, Bull. Me. chim., 1901.(3), 25 . ilia. . 

2 Sr rone. Arch. Farm, sjwrim^ 1910, 9 , 132. 

* Svedberg, Bcr., 1905, 38 , 3(u0. « 

4 Zangerle, Re.y>. Pharm., 1857. 6 , 27. 

6 Bimie, Cham. ZerUr. , 1884, p. 85 ; Moissan, vide infra. * • 

4 Moissan, Traite de Chimv. MinertUe, 1905, vol. iv.; Ann. Chm. Phye., 1880, (5), 
ai, 199. • • 

7 l^iis is made the basis of an effective iccture eiqieriment. See Newtb, Chemical 

lecture Ezpaumenle (Longmans), 1910, No. 380. * 

. 4 Jellinef. Zeilech. anory. Chem., 1011, 71 . 121. 

* * Resnaen, Amer. Chem. J., 1881, 3 , 134. 

• » Put, Her., 1#U, 44^1013. 
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Iron Ions.- The transport numbers Snd mobilities for iron' ions at 
infinite dilution in solutions of ferrous and ferrie chlorides A'speetively 
are as follow : - . • • 


• V 


_ - *_ 

• 

• 

Transport 

Nuin^ir. 

• Motility. 

lA rnous ioiy 1 . 

I , «rric ion 2 . « . 

ll-tH 

iti 

Olltlti 

C -tar . 

• * 

4" 



The fcjrii*ion appears to be less hydrated t,han the ferrous ion, which is 
associated with tilt molecule^ of water. 

Atomic Weight. Apjiio.riiniilc Atomic Weight. That the atomic 
weight, of iron is approximately 50. and not a multiple omsubmultiplc of 
this amount, is indicated by various considerations. 

1. The mean specific heat of ifon is approximately 0110. Assuming 

a mean atomic heat of 0 - 1 , I hi- atomic weight of irfcn, according to 
Dulong and Petit’s Law, is approximately 58. c 

2 . As already indicated . 3 iron closely ritwmbles manganese in many 
of its chemical properties, and the t hfec elements iron. e<^h;tlt,\ md nickel 
constitute very lilting intermediaries between n 1 Unganc.sc aitd copper. 
Kefcrcneb to the Periodic Table/ shows that the only manner in which 
this relationship can be harmonised with the Periodic I. aw is to assume 
that the atomic weights of these three metals lie between 5t!)8 (the 
atomic weight of manganese) on the one hand and fi.T57 (the atomic 
weight of copper) on the other. 

tl. l'Yrric sulphate' \ iclds, with the sulphates of the alkali metals, a 
series ,of well-defined orywtalline salts which are isoinorphoiis with 
similar series, j ielded .by aluminium sulphate, liv the application of 
t MitscherK^h's Law. therefore, analogous formuhe are to be anticipated, 
so that the general formula for these iron alums is 

M 2 ty(Jk 1 .l'Y,(S(),) J .2 Ul,0. 

Analyses of these"compounds indicate that the atomic weight of /on 
is 5(1. ^ « * 

Exact Combining Weight anil Atomic Weight. The early deter¬ 
minations of the atomic weight of iron arc of*)io present \aluc, and 
litths need be said cvmfenpng them. Most investigators chose to 
determine the composition of ivrrie okidi;; Wackenrodcr, 5 Svanberg 
and Norlih,* Krdmaijn and Marcliand, 7 and iiivot 8 worked by reducing 
the weighed otside to metal in*a stream Of hydrogen, while" Ilerzelius,” 
Maumene, so anti also Smhiberg ijnd Ijorlin 11 converted »„known weight 

1 Muiinkovic, Mannish,. UH3, 36 , 831. , 

1 Hupfgartner, ibid., p. 751. 

1 See this volume, Part T., Ollapter 1. 4 

* Seo Frontispiece. * 

B Waokenroder, Audi. I‘kann.. 1813, 35 , 270 ; 36 , 22. , 

* Svanberg and Norlm, Annnten, 1844, 50 , 432. 

1 Erdmann and Merchant, AJlnulai, 1844, 52 , 212; J. prakt. I'la'in., 18^, 33 ,1. 

• Hivot, Annalnt, 1851, 78 , 21-1. 

• Berzelius, Biruliila' Johrmbtr., 1844, 25 , 43. 

u Maumeni, Ann. Ckim. Phys.,' 1850, (3), 30, 380. 
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of iron into^ferricj oxide by oxidation. Thei results are summarised 
in the following.tahle :— ^ 


• 

l3ate. 

• 

Expertoacntgr. 

a • ’ 

• 

Method. 

Fer cent. of 
Iron m Ferric 
Oxint*. 

Atotuio Wt. 
of Iron 
(O-ldJ! * 

1843 

Waekenroder .*•* . 

# • 

Reduction 

, 09-988' 

53-97 

*1844 

Berzelius .• • * 

Oxidation 

’ 70-02(8 

M) ‘Or) 


Svanbcrg anti Norlin ., 


00 - 95 ;? 

55 -88 

»» 

’Reduction 

70-035 

50-09 * 


Krdniann and Marcbiyid . 


70-009 

18-03 

1850 

’Maumene 

Oxidatiyn 

70-001 

50-00 

1851 

Rivot . . / • 

• 

• • 

Reduction 

60-330 

51-26, 


The only other enrlv determination* to he mentioned are Dumas’ 
analyses of unhycOi'ous ferrous and ferric chloride, in which the amount 
of silver inquired to combine with'the chlorine was determined, 1 and 
a few experiments by Winkler, 2 in which a weighed niyount. of iron 
was dissoldkl*in # H solution of iodine in potassium iodide, the excess of 
iodine bciiTg dctcrininsd I>v titration with sodium thiosulphate. The 
results were as follow (Cl :J5 157, 1 -1*0 92, Ag 107-880): * 

2 expts. Dumas. 2Ag : KeCil,, : : 100 000 : 58-866 • Fe-~5Cu09 

2 „ »Ag: KcClj:: 100 000 : 50-214 Fc-50-23 

6 „ Winkler. 1 2 : Fc :: 100 000 : 22 115 Fe^M-21 

• 

Modern work on the atomic weight of iron Tbegins in 1900 with 
Richards and Baxter's analyses of ferric o\4d»> 3 by red net ion io the 
metal in a stream of hydrogen. Richards and Baxter ldynd that the 
exact determination of this ratio is a matter of extreme^lilBuHty,-and 
regarded their experiments as 'preliminary in <Jiaraeter. The mean 
result was as follows (O = 10 000)- 

7 expts. I’cjOj : 2Fo :: 100 000 : (jO-9576 , * Fe =---55-887 

* r Three years latcj Baxter 4 lnadf- another denomination of the 
atomic weight of iron, analysing anhydrous (ferrous bromide for the 
purpose. The salt was'suhlirted in a porcelain tube, winch introduced 
a little sodium bromide into it ; due allowaiice'wits made for this soiftee 
of error, and tije following results obtaiiud (Ag —107-880JBr— 79 -910):— 

4 expts. • FeBr 2 : 2AgBr : : 5f -1V>5 : 10<)-000 , , Fe—55-833 

2 „ . VeBr,: 2Ag:: 99-900: 100-QP0* .>, ftk, 55-812 

* • * * «, ■ , 

At the time these exjfa-iment.s were made an erroneous value for 

the atomic weight of silver was in 'use, in consequence of which the 
value Fe*=5§-87, in confirmation qf that deduced from* the oxide 
analyses, was deduced from the oroirlidc analyses. With the establish¬ 
ment of the modern Value for the atomic weight «f silver, it accordingly 

*" Dumas, Ann. Chim. Phya., 1859, (3), 5 |, 157. ’ » 

• * Winkler, Zeitsch. anorg. Ohem., 1805, 8 , 291. 

• * Richards and Baxter, Proc. Amer. Acad., 1900, 35 , 253. 

• Baxter, i$d„ 1903, 39 , 245. , ' 

vol. ns.: 11. e 8 
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became desirable to rcpelit the preceding work in efrdeyr tj> determine 
the source and magnitude of the errors involved ,in it. Hence, 
in 19X1, Baxter, Th.trvaldson, anti Cobb ! repeated the analyses of 
ferrous bromide,.which they were able to obtain quite free from sodiujn 
bromide by utilising fused quartz apparatus in its preparation. Their pre¬ 
liminary analyses gave the following rcsults^Ag=107-880, Br =79-916):— 

7 expts. ' FcBr., * 2Ag • : 99-9598 : 100 0000 Fe=55 ■ 840 

4 ,, , FeBr, : 2 AgBr :: 57-4221 :.l #0 0000 Ff =55-840 

and the final experiments gaqp almost identicalresnlts * 

1J expts. * Fcllr, : 2 Ag*:*: 9i| o58:! : 100 - 000*0 Fe^OO-838 

11 „ # FcBr,: 2 AgBl*: : 37-4214: 100 0000 Fe-05-838 

Tfle essential accuracy of Baxter’s earlier work on the bromide was 

thiys^onlirmed. ^ 

Baxter and ThdVvahlson 8 extended the preceding jjives^gation by 
making a number of analyses of ferrous bromide prepared from meteoric 
iron. The results were as Ml low : * 

5 expts, I'VHr, : 2Aj« : : 99.-05C1 : 100 0000 ° Fe—OO-S.W 

5 ,, KeBrJ: 2 AgBr :: 57-4191 : 100-0000 k'e^OO-829 

These results tire a trill*- lower fhan,the preeeding, but iiiceeh series of 
five experiments t wo are of doubt lid value as thej'csult 'of a modification 
of the met hod of analysis ; excluding the doubtful analyses, the above- 
two results become Ft’ > i- V.V7*unci Ft’ --'77-rS'-'l-i respectively. 

"The preceding results leaving little doubt that Biehards and Baxter’s 
analyses of ferric oxide are affected by a slight, but, nevertheless, 
appreciable error, Baxter and Hoover" undertook a thorough revision 
of this process. ForTull details of their work, which, though apparently 
quite 1 simple, ,wi^s, m rcqhty, extremely diltieult, the reader must be 
referred to the original memoir. The result was as follows (0 = 16-000):— 

12 expt.fi' .. ‘ Fe,(). : 2Be : : 100-0000 : 09-9427 Fe-'>0-8-17 

The preceding result requires slight correction. Baxter and Hoover 
found that at 1050 to 1 toothe teniperalure at which they prepared 
and reduced theig ferric oxide, there was a slight doubt as to the stability 
of the ferric oxide Five grams of the oxide when ignited to eomtant 
weight in oxygen, lost in weight when ignited in air, the loss bciiig one- 
fifth of a milligram. 'The (.subsequent Researches of Sosnum and 
Hostel ter 1 have shown tjiat. this loss in weight is due to the dissociation 
of ferric oxide into, magnetii^ oxide, and oxygen. .Thus the higher 
Weight \s the '.-orreet weight of ferric o.yide. Baxter, and Hoover, 
however, choose tlie 'lower, regijrdi-.ig the higher weight as due to occluded 
oxygen' , The,, ueco-pury correction to the atomic* weight of iron is 
— 0 ; 0 <v r , and so tlie corrected vahie is Fe^SS-810. *~Of the twelve 
analyses on which tliis result is lapsed, seven were made with terrestrial 
and five with meteoric iron, and no difference in the results was observed. 
•The International Committee,for 1920 give the value . 

Fe ==55-84. 

1 Baxter. Thurvaldsun, and Cobb, J. Amer. Che w. 8oc.\ 1911, 331 >319. ' 

1 Baxter and Thorvaldsen, ibid., 1911, 33 . 337. „ 

• Baxter and Hoover, ibid., 1912, 34 , 1(167. . 

4 ttosmpn and Hostetter, ibid., 1916, 38 , 1188. dee this volume, p. 117. 
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The Chemistry of Corrosion. When exposed to t lie combined net ion 
of air and liquid water iron riguhlv oxidises or “corrodes,” bcingatym- 
vcrtcd into a brown, porous mass of ferric oxide In various stages of 
hydration. This oxide is poptilarly termed “rust.” Any attempt to 
explain the chances taking place during the corrosion of iron must take 
into account tlietfollowing facts : 

t. Dry air or oxygen has [to effect ifjwn iron at the ordinary tem¬ 
perature. if, however, the ntetal is heated in either of I ijr pises,.super¬ 
ficial oxidi/tidll |akes place, the action being visible at about 220“ ('., 
when the ftirtal m-quifcs a pale yellow tint. This, as the temperature 
rises, gives place to a straw colour, umk ultimately to purple imd Itlut , 
but no rust is formed. # 

2. Liquid water alone , al ordinary temperatures, has no appreciable 
action on iron. A piece of polished iron may lie kept for an indefinite 
time in a hermetically sealed tube in contact with air-free distilled water 
without* undergoing any appreeiabh change. * 

I’ure Swedish iron lias been kept by the itulhor umlfr theseJ*ondi- 
tions for twelve years, during which time, apart from the merest trace 
of tarnishing, which could only be detected under a Injgltfealight, the 
metal appeared to undergo no Mi.mge whatever Even.at its boiling- 
point water appear^ to have no action on compact iron, although the 
finely divided metal decomposes it with exhibition of hydrisgcn gas. 

* a. A mixture of air or oxygen and water vapour *has no action on 
*iron , provided the temperature is m# allowed to fifff to that at which 
liquid’water begins to be diyfosited. 2 m 

On allowing the tertiperabire to flucAiatc, hmvever, so that liquid 
watcP forms upon the iron, corrosion readily tubes place. This dis¬ 
poses of the possibility that justing is aasimplc euife of (Jireet oxidation, 
such as oceunTwhen the mdtal is hcat&i in air.* . • 

The fact thus established that the presence of liquid water is essential 
to corrosion pojpts to the colielusijui that lie hie h-on e;ft» ruifl it must 
pass into solution, presumably first in the fPrrous state from WLirh it 
is then precipitated by atmospheric oxygen in the form of hydrated 
ferric oxide or rust. In other words, the reaction is essentially ioniy. 

In the mSjority of cases of ahrinlwmd aqueous rusting there can be 
little doubt that one of the most active and important agent s is carbonic 
acid. .This unites with the iron, forming ferjous carbonate, FeCO„ or 

• • * • 

1 For a detailod account of this subject with full references up to 191b sue Friend, The 
Corrosion of Iron and Steel (Longmans, 1911). * 

* Dunstan, Josqstt, and Goalding, Trane. Chem. Sat, 1906, 87 , I 6 SJ. • 

* » 67 
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perhaps the soluble bicarbonate, ]?eH 2 (C0 9 )j, Recording to the 
equation:— 

• Fe+2C0 li +2Hj0*=FeH ! (C0 3 )iS)-2H, 


the nascent hydfogen uniting with any dissolved oxygen to form water. 
Tho ferrous carbanate tlms produced is next cqnvated into rust by the 
oxygen of the air with the simultaneous* liberation of carbon flioxide, 
which is now free to attach mor5 iron. Thus a small quantity of carbon 
dioxide is aide to assist catalytically the reversion of ait infinite 
quantity of irc^i into riftt. ,, # 

In the preSenee of exccs^ qf Airbon dioxide - free Oxygen is not, 
aecording to Paul, 1 essential to eliVosion. As the result of several 
series oli experiments carried oift vjith iron in contact with air-free 
watei’and carbon dioxide, this investigator concludes that undar these 
speeyil conditions the reactions involvec^are as follow 

*1. Solution of static iron and evolution of hydrogen gas : -r 

Fe ■ K),. • 11,0 Fft'Oj f 211. 


2. The ferrous carbonate is decomposed by watcr,into ferric oxide, 
carbonic, acid, and formic acid: 

;>Fc(0., | 211 2 0 =»Fe 2 0 9 +H.F00H -|- I1,C() 3 . 

The carbonic acid is then free to dissolve moyc irorf; butl-after each 
neutralisation its amount is reduced by some 50 per cent., in conse¬ 
quence of the formation of forfnic acid. 

"3. The formic acid attacks the free metal, yielding ferrous formate :— 


Fe i gll.COOII Fc(CIIO„) 2 -f 211. 

4. A portion of the formate is reduced by nascent hydrogen, yielding 
some'formaldehyde mu) ferric oxide : — 


?Fe(CUOj) a 4-411 = =Fe 2 O a -f 3II.CI10 + H.COOH. 

The formaldehyde, being inert, passe* out of the system, whilst the 
liberated formic ucid'is free to attack more metal. " 

From the foregoing it in Evident that the ultimate fate of the carbon 
dioxide is conversion into, formaldehyde, so that a trace of carbon 
dioxide cannot bt- expected to ectalytically assist the oxidation <lf $n 
infinite quantity of iron, as, theoretically,'it should be capable ot doing 
according to the simple £yclc first described'as occurring in the presence 
of e.ir. Paul suggest? that these reactions probably take place during 
the ordinary atmospheric cbrrpsion of. iron. Very possibly such is the 
case to aininutd'extent,,but a grait deal mdne evidence would be required 
before accepting these complicated cycles us representing the main 
course obcorrosion. elwuny case, however) the theory is very suggestive, 
and'-hrworthy of further investigation, for'reduction oP carbon dioxide 
in aqueous solution to formaldehyde is net all entirely new idea, Fenton* 
having effected it by the nascent hydrogen generated from amalgamated 
magnesium, and observed that the presence of ferric hydroxide assists 
the reaction. 

The problem as to whether or not a pure iron will rust in tbe presence 
of pure water-aittl pure oxygen alone is one whicli has beenuthe Subject 

1 Paul, Boiier Chemistry and Feed Water Supplies (Longmuu,,1919), ohapfw X. • 

* Fsutoif, Tr</ns. Ohem. Soe.,' 1907, 91 , 687. 
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of consideraJilejdii'Ussion. It is well known Wiat many reactions which 
take place readily when the reagents are of mere commercial purity 
proceed only with diffidence when tfle substances*/ire carefully purified. 
Thus, for exanfple, commercial zinc dissolves with great rapidity in 
dilute sulphuric acid, whilst the pure metal is highly resistant to solu¬ 
tion. Again, commercial hydrogen peroxide, whicnusually contains 
small quantities of dissolved salts, readily attacks iron, yielding a volu¬ 
minous precipitate ot yijt. Hut the rnefal remains untarnished in a 
solution of Merck’s pure hydrogen peroxide in pure distilled water, 
despite the faut Hint fts surface ii swc|d by a continuous stream of 
oxygen bubbles from the peroxidaIvhft h it is catalytieallv assisting Jo 
decompose. • 

The question, therefore, 41 s tif whether or not pure liquid grater 
and pure oxygen are, alone sufficient to induce corrosion is one of con¬ 
siderable theoretical interest ; dim! opinions arc/ divided. * • 

Bcrzclms wns aware that iron does not rust Mien immersed in 
aqueous solutions of alkali hydroxides, and during the greater part of 
last century this fact was regarded as definitely proving that the 
presence of an acid or negative radicle is essential to corrosion. In 1903, 
however, iVhitney 1 suggested, that, water being an electrolyte and 
split up, albeit to only a mitmte extent, into hydrogen gmd hydroxyl 
ions, rendics Jt unnecessary to assflmc that, any subs lance other than 
oxygen is "required til effect the corrosion of iron in water. The 
condition of equilibrium between the Whole and the ionised molecules 
of water may be represented as follows. _ 

nil/). -(«-l)Il 2 0 pH' j-OH’, 

where n represents a large whole number, the prijcise value for Which 
is uncertain. If, now, a piece of iron is placed in the Wjjter, a minute 
portion will pass into solution in the ionic "ertnditiofi, free, gaseous, 
molecular hydrogen being deposited upon the surface of !lu»undissolved 
metal. Thus:- . • *' rJ * 

Fe*psir-f 2011 '- -Ivii 2 p‘i0ir. 

•. ... 

Some of the ferrous and hydroxyl ions unite to form lyi-ioniscd ferrous 
Jvgdaoxide. until equilibrium is attaimyl, according ty/hc equation :— 

* * JV-J-iOII'-. Fe^OII), 

The admission of oxygen to the system seryc^ the double purpose 
of oxidising the liberated molecular ^yiffogen Sind converting the 
ferrous hydroxide into the Wsic*ferric»derivatiye, popitlarly known as 
rust. These*two changes disturb tin* equilibrium,‘myra.iron passing 
into solution to be Converted,*in turn, into a fu*th*r quaatjty «if rust. 

According to this theojy*, therefore, the presence of an aci4*<-«un- 
necessary ; and the inhibiting powiy of alkalies is attributed to the 
suppression of aqueous ionisation by the presence of so many additional 
hydroxyl ionsein accordance withdhe hnv of Mass Action. * ’ 

Theoretically, it should be a simple matter to decide whether or 
not pure water, pure oxygen, and pure iron are alone sufficient to induce 
corrosion. <n practice, however, the problem is one ef extreme diffi¬ 
culty, owing to the elaborate precautions that must be taljpn to obtain 

* Whitley, V. Amer. Cion. Soc., 1903, 35 , 394. • * 



70 *IR01? AND tTS COMPOUNDS.' 

each of the three substances in a pure condition, f<fr any.small trace 
of impurity, acting as a catalyst, may be sufficient to effect the oxidation 
of an indefinitely large quantity ot the metal. * 

The cxtrcmodifficulty of removing traces of earbdn dioxide from 
the walls of aify apparatus was probably first Realised by Mood#. 1 
lliis investigator placed a piece of pure Swedisji iron (09-8 per cent. Fe) 
in a tube containing a 1 percent, solution of chromic acid to clean its 
surface, and a current of pure carbon diojdjlofrec air w^js passed 
through the itppAratns <for several weeks in order to remove all traces 
of foreign guse4 Water was flow distilled on to'thp inetal, washing til? 
chromic acid away, and the pfts^agj'.of air continued. The metal did 
not rust. • 

Si*uilar result s may be obtained in*a much simpler manner 2 b^ means 
• of the apparatus shown in fig. 1. A is a 
small iron cylinder closed at one end, the 
other end being fitted with a stopper and 
tut jt-s so arranged as to allow a constant 
stream of water to circulate through the 
cylinder to keep it eoof. The whole is 
inserted in. a ilask eontaininge a t.wiee- 
nofmal solutibn of alkali hydroxide, and 
well shaken to remove all t raer j, of carbon 
dioxide. Upon inserting in a water bath 
piufe carbon dioxide-free water condenses 
on A in a continuous stream, washing 
away the alkali. The metal may be kept 
, for an indefinitely long time in contact 
with the air and pure condensed water 
i without corroding. " 

\ •- '.H'’ * * These experiments appear to prove 

fairly conclusively that pure oxygen and 
v pure water are not sufficient, to effect the 

1 . „• corrosion of the purer forms of iron. 

j,’ 10 } _ Unless the surface of the iron is cleaned 

' ' and freed from condensed or occluded gases 

by a preliminarv^waslung' with chromic acid or alkali hydroxide, as 
in the experiments described, contact \yith puty' water and oxyghn 
invariably leads to coivisioij.* as is to be expected. It has there- 
foA* been urged that the cleansing reaglnts referred to above lender 
thf iron passive (seg* p.' . r >7>). so that ( the results ary misleading. In 
1010, however* l.nmhert and'"fhomson '.described tliyr experiments 
with iron of an exceptionally pure character (see p. fi t), .prepared by 
reduction of Ipg'ldy purified ferric nitrate. The metal was found to be 
remarkably Inert or pas^vc, und fould lie exposed Ni the combined 
action of water and oxygen for several uibnths without undergoing 
any visible oxidation. Passivity'' is thus one of the characteristic 

t Moody, 'Tran*. ('hem. ,SV., 11MM1, 89,*720. « 1 

8 Friend, Prw, Chan. Noc., 1910, 26, 179. 

» Sou the experiments c.f Whitnev, loc. cit.; Dunston, Jowett, and Goulding, Tram. 
Chem. Hoc., 1905,87,1518 ; Cask man'. U.8. DejU. Agriculture, BullctinNo. 30, Washington, 
1907 ; Walker, UsieShotm, and Bent, J. Amer. Chem. Soc., 1907, 29,1251 ;*Tilden, Tram. 
Chem. Soe., 191N, 93, 1358; Hoyn and Batter, Mitt. kSnigl. MaUrM-prifungeamt, 1908, 
*6,2. , ' ' ‘ 

* Lambert and Thomson, Tram. Chem. Soe., 1910,97* * 
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properties of pure! iron, and it ft very justly (fainted that any passivity 
induced in thc*metals used by Moody and by Friend is simply due to 
the thorough cleansing of the met ail ie surfaces, and is, to that extent, 
an indication ottheir purity. 1 

* The Mechanism,of Corrosion. An attrallb. theory of the mechan¬ 
ism of corrosion has*bei*i outlined by Aitclbson.- ('urnpact iron, when 
examined under the microscope (see 1’ert 111 .), i > seen,to consist of erys- J 
tals of ferrite separated from each other lit aft amorphous cement. It. is 
reasonalftc to supposetif.it the sohition pressure of this .cement differs 
from that of thcJVrrifc. for diffclenccs^of tli*s kind inxarinhly occur 
between amorplmwt and crystalllne.\,ariities of sidftlances. Upon 
immersion in an electrul\tc. (heritor^-, such as ordinary tup wider tar 
aqueous solutions of inorganic stilts, a difference of potential exists 
leadin'} to corrosion. If the eemcnt is posit be to the ferrite, it*is the 
cement that will oxidise away ) and \ ice \ etfsa. lit a pi rl'eetly muprided 
spccimcnVin which there is but little m< eliameal sl«sun. the action Hill, 
in the mam, lie eonliiied to that bet ween the cement and ferrite. If, 
however, there is any apprcf-iahle potential difference between the 
crystals of ferrite liieinscbes, this will increase the effect, the total 
observed j'orrosion being I he sum rtf the Fwo actions. 

The solution pressure of tile ecmcid t iiugld, coiicck ably, lie between 
that of tl/‘ ft lore positne and tin- more negntbe I'errfte crystals. in 
wbieb cash the eemeill would liinetiou cat hoi I leal I y towards the one 
and auoilieally towards I lie other. • • 

Taking the simplest ease, however, iti which the ferule is at practi¬ 
cally the same potential throughout, the corrosion wilf proceed* at 
the junctions of the crystals and the emu id. The action will not of 
necessity be confined to one face of contact, but may be expected to 
proceed at a maximum rate on that plane resulting in the formation 
of a pit. . , . • * 

Corrosion is further aeeelerati d In tin presence of impurities such 
as oxides, sulphides, carbides, phosphides, and silicates, lcsu are 

invariably at a lower potential tli^n the feiute/ Tlje influence of " 
alloying elements ' ft partleularh mten sting. \\ ifh carbon, lor example, 
cementite or iron curbid', Fe,C, is idimi d.tuul as I Ins is i hylm-m gative 
to ferrite, the lattir corrodes at tin pongs of contact. Addition of 
• onrfion. therefore, to iron tinds ti» enhants* its »»fiiTodil)ild;,. If a 
third •element is aifdtd to tin sy;lim, its inllm nee upon corrosion 
is determined largely *hv fig' manner i»i winch it di'tributes 1 1spit. 5 
If it*dissolvcs in the f'-rrite, r< during its sulutign pres-tire, it reduces 
the potential difference betwrm the Itrnlr and* eemeid ite, and tlius 
enhances the*Tesistauee ofdlie whole *to corrosion. NVlo 1 Udiaves in 
this mannef, the \phole of tin*metal [fussing into soTid *nlylion with the 
ferrite until tli^ steel eontaitis more than K p#r ra nt. (4'jiielfil. Such 
steels, therefore, do not rgaflily corrode. • «*• .» 

If, on the other hand*the llnrda h ment is associated entirely with 

1 Compart* ^oody, Pror. Chtm. 34. • • 

* Aitchison,./. Iron Ste*>l ln*t„ 1915*., 77. 

8 See Cobb, ibid., 1911* I., 170. . 

4 TJie corrodibilities of steels ami other alloys of iron are dim ussed in Part 111. of thi* 
volume. • # • # 

4 Aitchison, loc. cit. 8 ee also Tranit. i'hnn. Hoc., Vll5, 107 , 1531 ; 11116, X 09 , 288 ; 
Arnold and Head, J. Iron Steel lust., 1910, L, 169 ; 1911, 1., 249 ; 1912fl.,215; J.lnit. 4 
Mech. Eng., 1914, i., 233j 19*6,1., 247. • 
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the carbon and forms' part of the carbide, the corrodibility of the alloy 
will not be appreciably affected. Vanadium, tungsten, arfd Molybdenum 
are cases in point, thpir saturation percentage* in thf: carbide being 
approximately as follows > 

Vanadium . . . 5 4 per etnt. 

Tungsten . . 11-7. „ 

Molybdenum. • . . 190 ,, 

Below these concentrations the metals do not* pass into solid‘solution, 
but remain cntijely assoeiated»with Jhc carbide. • ' * 

The behaviour of chromiurrwix inlorcsting, for this metal distributes 
itself between the ferrite and carbide, and tends to reduce the corrodi¬ 
bility pf the alloy to an extent determined by the portion that grasses 
into solid solution. , 

farroxyl. An effective method of ^showing that differences of 
potential exist between different parts of a piece of iron consists in 
utilising the ferroxyl indicator devised jointly by Cushman, 1 and Walker.* 
A 1'5 per cent,, solution of agar-agar jelly is prepared, a few drops of 
phenolphthalein added, and the whole rendered perfectly neutral whilst 
hot, by titration either with alkali or acid jis occasion requires.! A small 
quantity of potassium ferrieyanide solution is now added, and the 
solution poured into a shallow dish to cool. A clean sgmplXof iron is 
placed on the solidified jelly and covered with a lAycr of warm solution, 
and the fvhole allowed to cool. /Alter a few hours some very beautiful 
colour effect* will have developed, and may be preserved for several 
months by keeping the surface of the agar covered with alcohol. 

Where the iron remains bright the agar assumes a pink colour 
indicative of the presence of hydroxyl ions. At those points where the 
iron passes into solution the familiar colour of Turnbull’s blue com¬ 
pound (see p. '£n) makoi; Ks appearance. 

The Influence of Dissolved Salts upon Corrosion - The presence of 
salts dissWK d,in water may greatly influence the maimer in which the 
iron is attacked. Map}’ salts exert a distinct cheryio.nl action on the 
metal. Thus, for example, when immersed in solutions of copper 
sulphate, iron readily dissolves, an equivalent amount of copper being 
precipitated in aef ordanee with the equation :— ' „ 

Fe-t-CuS0 4 =FeS0 1 ! f Cu. * ' 

* c • 

On the other hand, iron remains perfectly bright and free froi* all 
traces of corrosion wjleu immersed in, solutions of the chromates or 
.bichromates of <* he alkali metals, unless; ^indeed, the solutions arc 
• excessively dilute. This' is generally attrjbuted to the formation of a 
thin iitmnjf oxqte on the^surface of the metal which Shields the under- 
lvin gjHir t ions’ from attack/mt. this is not the only explanation, as has 
been seen (p. 71). f * * 

Ammonium salts are very corrosive, particularly in warm or hot 
solutions, probably on account of. the, case with which they undergo 
hydrolysis. For example, a saturated solution of ammonium sulphate 
is less corrosive than" distilled water at 6° C., but at 18° C. it is 
^ <* ^ * 

* Cash man, U.5. Dept. Agriculfare, Bulletin No. 30, Washington, 1907 ,■ J. Iron SUel 

' lust., 1909,1., 83S . 

* Walker, J< Amer. Gkfm. Soc., 1907, 29 ,14S7. 

* 
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much more corroiivc. 1 Again,*on boiling iroj drillings in a concentrated 
solution of ammonium chloride, hydrogen and ammonia are evolved, 
ferrous chloride passing into solution. Thus :- , a 

s Fe+2NH 1 Cl=FcCI„-f 2KH 3 | II 2 . * 

* • • 

When ammonium idtratij solutions are heated in^'ontaet withhrftn,, 
an analogous reaction occurs; ammonijj is ovoh cd, whilst the iron suffers* 
appreciable corrosion under the action oFthc liberated nitric acid. 8 
It if instructive t?. Vxaminc Uic effect o^ exposing* iron plates to 
•the action of. salt Volutions of vjving concentration^ by determining 
the losses in weigh! consequent jam corrosion. Curve ACl.S (tig. 2) 
shows diagrammatieally the usuaf I\yic of results obtained. The pcflnt 
A indicates the loss in weight of*thc plate immersed in distiMcr^ water 
to which no salt has been added. 

The presence of small quantities of the dissolved salt effetitjj an 
increase’in the corrosion of the iron, a inaximunHicing reached at C, 



Km 2. . . 

• • 

known as the critical concentration. Fujt|jcr increase in the ipiantity 
of the salt reduces the corrosion to nil at I., which pyint is termed the 
, liimting concentration, and from tlys point onwajjls, until saturation 
is reached, the liquid is non^orrosive. 

There are several .salts that beliavj in this way at atmospheric 
temperatures, the more impoftant being ammonium acetate ; potassium 
bronmte, carboryite, cyanide, £erricyaj»idt, fenVyanide, iodatc, and 
permanganate; diso Uum # hydrogen .phosphate ; and sodiipn borate 
and carlionate. 4 In the casiyof potiftsium chlorate the joints L and S 
apitear to be practically coincident, whilst for^the majigity <*IVaIts the 
point S lies sdftiewhere to•th<* left of L, luignely at S' that is ti^say, 
saturation occurs before tfie limiting concentration is reached. Generally 
speaking, at the ordinary^ temperature, eoneentrated solutions of salts 
are less cor^rsive than distillef^water—that is, the point S' lies Itelow 
the level of A, exceptions being * ammonium sulphate, aluminium 

* Friend and Barnet, J. Iron tiled Inst., 1915. I. f 336. 

* 1 #anti, Chem. Zentr., 1904, II., 1625. • • 

3 See Prideaux and Caven, J. Soc. Chem. Ind ., 1919, 38 , 353T~ 

* 4 Heyn and Bauer, Mitl. konigl. Material-prufungsamt, 1908,56, 2. 

6 Friend and Barnet, J. Iron Steel Inst., 19ft, 1., 336. # • 
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sulphate, ferrous sulphate,(and (at temperatures in thfe neighbourhood 
of 0° C.) sodium sulphate, potassium nitrate, and bariuni*chloride. 

Sufficient data have not as yet* been aoeunjnlatod to allow of a 
complete explanation of the form of tin' curve The initial 

rise from A to (' is probably connected with the nuyibcr of ions intro# 
duted into the solution with rise of salt eoneeittrafion. As the latter 
Increases, however, another factor begins to nlake itself felt, namely, 
the decreased solubility ol*oAgen in the solution. This acts in the 
opposite direction, by retarding eoraosion. 'lids is shown iif fig. 3, 
where the relative corrodihililiqp of Kmhlbaum’s psre^lwm foil in various* 
concentrations ot sodium ehloriik* stlulion are depit'teel at 10° (', and 
23%° C„ the relative solubility oiijvtlfor oxygen being represented by 
the broke* line. 1 • f 

On raising the temperature above tlmt of the atmospherf, the 
teiuhtwy is for the critical concentration to fall- in other words, the 
point C (lig. 2) is jafclied towards the left. lienee a solutiujt that is 
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,more coifwk-vty than fresh water at the ordinary temperature may 
prove to he lessicorrosive than fla sh water at higher temperatures. 

For example, a 3 per cent, solution of common salt at 10" l’. is much 
more corrosive than tap witter at the same temperature; but as the 
temperature rises flic relative corrosivity falls, so much so that at 21°^C. 
the salt, solution is tltt less corrosive W the two. Since sea water contain* * 
some 8 per cent, of sodium chloride, it is of interest to inquire intb the 
cited of temperature upon its*corrosive powers* The few laboratory 
testsAlmt have been earned oyt on the subject 2 indicate that at tempera¬ 
tures below 13° ( r sea water is nlorc oortosiye than tap* water, whilst at 
all higher Tempera! ufes it is less sp. Now, In the western part of the 
tropical Pacific Ot'enn a temperature of 32“ ('. is sopietimes attained, 
and in th? Hetf Sea hint I’ersinn Gylf temperatures ok 3+4“ C. and 
85'ST', respectively have been registered. Such waters should there¬ 
fore prove less corrosive than river tenters at the same temperatures. 

I» the Acetic Ocean, on the other hand, whore the temperature lies 
in the neighbourhood of 0° C„ the set water is more corrosive than 
fresh, • 

1 The soluhilitv.of Bxygen in distilled water at either temperature is taktti as l8o° C., 

, and th© corrodibilities of iron in distilled water, as measured by loss in weight,^re likewise 
taken as 100 (seeYriend and Barnet, toe. c»f.). 

* Friend and Br^wn, Trans. Chbn. Soe., 1911, 99 , 1302.* 
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The foregoing observations are of gr4at importance to marine 
engineers, and^further research on the subject is eminently desirable. 

Mention Ims already been mad# of the fact (*ee pp. 54, 69) that iron 
may be present’d from corrosion bv imiqprsion in dilute solutions of 
tire alkali hydroxides. 

An interesting onsclirisi j when iron is immersed alkaline solflttons, 
containing inorganic salts, l-'or example, y-on will.remain bright in S 
] per cent, solution <if caustic potash for an indelinite time, lint upon 
additiofi of potassium’ehlorule Corrosion n^dilv takfs place. It is 
* possible, ho\wvi%\to*inercasc thcldkalUo such an extent that corrosion 
is entirely prevented, no mattjl llow eoncentraleif the solution of 
chloride. The minimum amouift <>f alkali required rises with *the 
percentage of chloride unti^satuTation of the latter is arrived at. This 
is indicated in lig. t. AK represents the .solubility curve of potassium 
chloride in aqueous solutions of potassium hydroxide, and <»1£ the 
maximum! concent rat ion of the chloride that nf.ty be present in the 
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corresponding alkali solid ion* witli^mt causing cnrrosipn. Within tin? 
area (‘FA, therefore, corrosion readily talas place, but. outside this 
area corrosion is impossible. *• 

A chnracti ristic feature of the eorrimioii mulct these conditions, 
Miowi \ er, is the tendency to, " pit." •This is a IVirn^fl? localised corrosion, 
the’rust eating dieplv info the metal at ginall isolated areas. Un¬ 
doubtedly the rustinj is oniginated In* some irregule. ity ehemigal or 
physical in the metal, each pit being s^arhikat some point between 
the crystal graids. Fven Jyalflbanm’# pure electrolytic foil readily pits 
in this mamvTr, although di'hcn iimiiAscd in i*culr^l solutions it usually 
corrodes fairly uniformly <frcr its entdc surface. Th<» masses of rust 
formed during pitting are rich iy ferjous niAIcS SoiffirfiinPs filaments 
of rust spread out in hnir-like growths, brftwn in colour, whIWi (tent or 
sink according to the.density i»f the solution in which they are. 
produced. > . 

In praAice such corrosion ftmy«*provc disastrous. For example, an 
iron boiler might lose several pounds in weight through uniform super¬ 
ficial corrosion and yet not bo much the .worse. Hut a single ounce 
removcd*through pitting might be sufficient to perforate the metal and 
lead Jo Serious consequences. The employment of weaMy alkaline feed' 
waters containing^dissolved salts in ordinary boilers is*a dangerous 
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procedure, for the foregoing reason. The remedy woul4,appear to lie 
in the addition of sufficient alkali to render the liquid nop-corrosive. 

Corrosion and Ionisation. Iron* will remain# untarnished for in- 
* definite periods in the presqpce of concentrated solutidfis of the car¬ 
bonates of the alkali metals, even in the presence pf small quantities 
fi{ rttifcr salts. If, however, the alkali carbopatc^Ts very dilute, it cannot 
?ntirely inhibit corrosion. # Now. the minimum quantities of alkali 
carbonate required to inhibit tfic corrosive action^of a given concentra¬ 
tion of various other salts pf the same lAali metal have been determined. 1 
The results showihat, if the added sals are arranged^if order according 1 
to the amount of alkali carbonate rlquired to inhiliit corrosion, they 
arc*also not merely in the order ol» tie relative strengths of their acid 
radicle^ bit the relative quantities of darboyute bear a general relation¬ 
ship to the numerical value:} found for the strengths of the aci3s by 
electjiwd conductivity methods. This is Well illustrated in the follow¬ 
ing tabic•* • • 


Sodium Salts 
(Concentration N/20). 

Relative ( loncentrations 
j»f Na 2 C() 3 inhibiting 
Corrosiop. 

Relit,,ivc Strengths of 
the Free Acids. 2 

c 

Chloride *. 

too 

, iW 

Iodide .... 

89 

1 9/ 

Bromide* .... 

,• 72 

98 

Nitrate . , . 

51 

98 

Sulphate .... 

52 

70 

Fluoride .... 

39 

10-5 

Acetate .... 

* 

9 

2 

• 


The close connection bet ween ionisation and corrosion in dilute solution 
thus receives ifiteresting confirmation. 

• The CnermiStl Nature of Rust.- Doth the physical condition and 
chemical composition (tf rust vary considerably according to the con¬ 
ditions under which corrosion* has taken place. Dunstan ;t gives the 
result of annlysing«(A) rust collected fron* iron apparatus rusted in the 
laboratory, and (U)*^ist from an lain railing exposed for thirty ycdl-s* 
to the air within twenty yards of the sea. His data'are as follow :» 


* « • 

« 

V 

* ; a - . 

_ _ _» _ 

-it—.- 

B. 

• 

Calculated for 
Fe g O a .H,<). 

• 

" " * ~ 

Ferrous iron , . . . 

1 (f-18 

* 3-25 , 

• 

Ferric iroit . t .• ». 

00-93 

* 59-25 

,. G2-8 

Hydrogen . . . 

"l-OI* 

* .1-17 

1-8 

Oxygen .... 

34-35 

.35-70 

35-9 

Carbon dioxide . 

0-15 

, . 


Ammonia 

0M06» 


« 

Insoluble matter . t . 

8-20 

0-60 

--- 


• • i 

1 Friend And Marshall, Trans. Chcm. Hoc., 1914, 105 , 2776. . 

1 Calculated from electric conductivities. 

* Dun4tan„Jowott, and Qoulding, Trane. Chem. SJb., ltJOfi, 87 ,*11684, 
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From this it is evident that offiinary rust produced by exposure of iron 
to air corrSspdhds very closely to the formula FejOj.HjO . 1 

When iron Is completely immersed in distilled water there is usually 
no pitting, and the Tnetal becomes covered - itli a # loosely adherent 
cover of browm ojide, in which there mdy 01 may not be a trace of 
greenish ferrous oxfde., When the metal is only partially immersed in_ 
water, a particularly vigorous oxidation takes place at the surface oh 
the liquid, for at this point the latter *is Relatively rich in dissolved 
oxygen* The resultiifpmiass of rnst is frequently high in ferrous oxide. 

• A somewhat sirqjlur jesult obtairm whey iron is exposed alternately to 
the action of watchand air, the plopptf ion of ferrous Oxide in the mass 
depending upon the difficulty eAfenenced by the atmospheric oxygen 
in penetrating its surface. This is clearly shown 2 by th% following 
analyses of samples of rusf obtained from the unpainted intefiors of 
iron flushing tanks in constant use. Several of the tanks hajJ been 
unscraped for years, and the sides were blistcmk.with masses of tust, 
brown without but black within. Every sample when placed in dilute 
aqueous hydfogen chloride efftrvesced«briskly, evolving carbon dioxide. 
The analyses w<*|'e as follows : 


4T “ .. 

No. of Saqpplf 

• 

j 

• 

2 ? 

3. 

4- , 

5. 

6 . 

■ *" - t 

Percentage of iron as 
ferric oxide 

55-78 

• 

• 

51 12 

01-00 

05-13 

• 

158-89 

<£•46 

Percentage of iron as 
ferrous oxide 

82-80 

30-57 

25-74 

20-00 

28-18 

24-41) 

Percentage of iron as 
ferrous carbonate 

11-40 

12-81 

9 00* 

9 21 

7-98 

m 

, 8-14 




*• 

• 

• 



The Corrosion of Wroughtjron, Cast Iron, and Steals 'I'ffis subject, 
is discussed in Pajjt III. of this volume, together with the influence of 
various impurities and alloying elements. 


1 Other analyses of rust are given by Calvert, Chew. Seim, 1#7I. 23 , 08 ; Jamieson, 

• Proc. Inst Civil Engineer*, 1881, 65, 3f3 ; Womwurm, Znt., 1803, 17 , 101 ; 

Gained, Chem. Sew*. 10 If), 101, 209; T. St.p< 1,,/. Sor. Chi m. I ml., 1010, 29,1141; Donath 
and Indra, Chem. Zeit., 10y, 35^ 773 ; Moody, vfle inffli; .1. 11. Paul, Builer Chemistry 
and feed Water Supplies {Longmaift, 1910), j»p. 120-120. # 

2 Moody, Trans. Chem. Sor., 1000, 89 , 720 * • * * 





are tertncd ferrous, aiyd in mnlral or faintfy alkaline solution ary readily 
oxidised to ferric compounds, in which the iron has a valcnev^if three. 
Ferrous salts, when hydrated, are usually greenish m colour, copperas 
or ferrous sulphate being typical. Anhydrous ferrous salts are white 
or pale yellow in colour, as .witness ferrous chloral? and bromide. 
Ferric salts, when eryslalliiu'. are als» while and opaqi* (ferric 
sulphate), colourless (ferric nitrafe), or yelloV (ferric ehloriijojy although 
many basic compounds arc brown. When in cnuihinaWon xjitli other 
salts, varjpus colours may appcar-as. for exam])fe, in the case of iron 
alum, the delicate violet hue of ^lieli is Well known. Iron salts impart 
a diafcinct and bitter taste to water, one part of iron per million of 
water being distinctly perceptible to the average individual . 1 

A peculiar property of ferrous salts consists in their power, when in 
solution , 3 of uniting ^ith nitric oxide, the limit of combination being 
reached with one molecule of NO to one atom of iron. The substances 
thereby*produccd hro vefyNmstublc, partaking of the nature of additive 
or associated aompounds. Two of these compounds hare been isolated, 
.namely, FeJWJ^NO 3 and FcIII'OpNO'i and several other salts, such 
as FcClj.NO anti l‘Vl!r,.KO, have been shown to exi^t in solution. In 
this res])ect ferrous salts chjsely resemble salts of divalent copper, 
which yield, with nitric oxide, additive compounds of the type CuXj.NO . 6 
Ferric salts—for example. ferVic chloride - also combine with nitric oxjdc 
to yield unstable compounds. Hoth forrqns and .ferric salts readily 
decompose barium peroxide, tjie former affer being first oxidised to 
ferrifc. The reaction, in the case of ferric chloride, takes place according 
to tHb equation :-*,•* % * 


dUIaC), 1 ! tFcCl, 1 (ill.,0.-dtOj f t?<011) 3 | GHaWj. 

Iron S^lts Catalysts. SAibnbein, in*,1857. drew attention to the 
fact that.ferrohs salts hri-Vipmblc of acting aji oxygen-carriers in certain 
circumstances,’ but it was not until thirty-scvCn years had elapsed that 

1 See Rideal, Water Sup/Jit/< (Crottby hockwood, till 4^. 

1 Whether »pieous, alcoholic, ethereal,.ir in.flcetie acid (Thomas, Rvll. Sor. chim., 
1898, (3), 19 , 419. 

* See p. 133. , 4 See p. ISo. 

4 See Manohot, Bcr., 1914, 47 ,1001. 

* Kwaanik, ibuU. 19)2. 25 .117.* • 

’ Schdnbein, 'lUeber die Gloichheit dee Einflusaos welcheu in gewisaen Fallen die Blut- 
khrperohen und Eaenoxydnlsalre auf die chomische Thatigkoit, des gebundenen Sauantofle* 
a us li bell," Vtrthini. Jiaturf. OtteU. Basel, 1800, H., p. 9. 
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attention ^jas again drawn to tfie subject by the observation of Fenton * 
that hydrogen peroxide oxidises tartaric acid to dihydroxynmleic acid 
in the presence of n %'rrous salt- On particular; ferrous sulphate. He 
explained this%e the assumption that the divalent irog replaces the two ■ 
non-hydroxylio hy^fogen atoms of tartaric acid, and. upon oxidation 
by the peroxide to thf trivulent eondition, breaks*away from t kcm. 
Thus * , . * 


coon 

COOH* 

• COOH 

1* * 

_ 1 

I 

u ctftt 

‘Icon 

(•OH 1 

S cttlll 

Fedtl * 

.♦coir* 

- 5 * II 

con 

COOH 


COOH 

(tartaric ** 


(dlhv<ll"W • 

acid). 

1 


ymlcic acid). 


SuggcstiV as this theory is, there are other reactions in which ferrous 
sulphate acts as a l ulalvscr ’ in which the above explanation cannot 
possibly hold, and several other theories have been offered. Manehot 
and Wilhelms - Relieve that a highly oxidised compound of iron, such 
as Ke.O^or FieOj.'JlhOj. is pinned by cmituel of the ferrous salt and 
peroxide, and that this is red need liv t be oxidisable subsfanee. ltrode 3 
reached a tonyvvliat similar comlusion, suggi sting that the peroxide 
and IVrrotdsalt mult form an mtermidiate, highly oxidised compound, 
whilst Mummery 1 combines the essential featuris of tla sc t wO theories 
into a very attractive hypothesis, according to which h mills xiijpliate 
and hydrogen peroxide unite to form ferrous sulphate perhydrol, 


50.11 

l'V 

» (Ultl. 

lie arrives at this in the following manner. Ii/vicvv of the retention of 
a molecule of water by I he isomorphous members of t lie f<irons sulphate 
series, they may he regarded ax hemisulphate benulivdibR of the type 

‘ » ’ " , 

50.11 
M 

( 111 . 

* Witlphydrogen peroxide, therefore, Ifrrous sulplintF reacts as follows :— 


Fc< 


,S0,« oft 


SO,it 


*-> K-< . 

on OJtHi 


OH.. 


This perhydiXll hears a icxfmhlnnce ia constitution ti/’Caro’s'permono- 
sulphurie afid, 11^S0 5 , or • 


so,*: 


O.OH, 


and may be expected to possess the properties of a powerful oxidiser. 
The reason Vhy such a compound a/l s more powerfully th'an hydrogen 
peroxide itself is attributed to the fact that it is,an electrolyte, whereas 


f Fenfctn, Trans. C 'hem. A’or., 1894, 65 , 809 ; 1’ro?. Ckem. Sor 9 , ljjtts, 14 , lit). 
! Manehot and Wilhelms, Ber., Idol, 34 , 247ft. * , 

* Jtrode, ZriUr.h. physikal. Chsm., 1901, 37 , 257. 

• Mummer}* J. Hoc. Cham. Ini., 1913, 33 , 889, * 

0 « 
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hydrogen peroxide, for all practical purposes, is not. Thij perhydrol 
is alternately produced from, and reconverted into, felrous sulphate, 
when an oxidisable Substance is* present, together‘with hydrogen 
peroxide. , S 

Methyl, ethyl; and propel alcohols are oxidised Jjy permanganate-or 
hydrogen peroxidtf in the presence of ferrous sails. If ferfous sulphate 
*is employed, the .ethyl alcohol js, in dilute solution, oxidised by the 
permanganate to aldchyd?; Rut in the presence of ferrous oxalate the 
oxidation profe.etbi furtl^er, acetic a«d resulting! Thus • * 

• CIl : ,.t'II 2 Ofl-i>tW 3 .CHO—>Clf 3 .(/cfOII. 

TRese reactions proceed so regufcuV that they may be followed up 
quantitatively. Ferric salts have 1*0 catalytic influence upon these 
reactions. 1 Iron salts, however, can act as oxygen-carriers in the ifbsence 
of sjiqfr powerful oxidisers uS hydrogen pet oxide and potassium perman¬ 
ganate. Thus, for trample, it is well known that, upon exposure to 
sunlight, iodine is ordinarily liberated from a solution of mercuric iodide 
in potassium iodide. Curiously enough, if traces of iron salts are rigidly 
excluded, the liberation of iodine does not take place. 2 * 

Ferrous salts accelerate the oxidation qf sulphurous acid to^ulphuric 
acid in the presence of oxygen. 3 * ■ 

Ferrous chloride accelerates tin? oxidation of stiqmoRs chloride 
solution in air, the maximum effect being obtained with oilb molecule 
of FeCl 2 *to 100 molecules of Sn(fl 2 . 4 

£f;rrous spits accelerate markedly the reaction between persulphates 
and iodides, as represented, in the case of the potassium salts, by the 
equation 

K a S./Vf 2KI =2K 2 SO, |-1.,. 5 

Imacid solutioii ehlojqJ.es are reduced to chlorides by soluble‘odides. 
For example, in the ease of the potassium salts the reaction proceeds 
as follows : 

IvTIOi, 1 (iKV>:llI 2 SO, ) =Iv(’l f8K 2 S0 4 +.H, i ;iII a 0. 

Addition of a small quantity (Vf a ferric or ferrous salt greatly accelerates 
the reaction, 1 ’ duo to the alternate formation of ferric iodide and reduc¬ 
tion to the ferrous'-stilt as follows > *• 

“ e , 

KC10j4 OFelj-f- CKI*f 3H,S0 4 =KC1 + 8K 2 S0 4 + GFeI 3 3ll 2 0, 

• , 6FeI f =0FeI,+'8I,. 

It is well known that a mixeti solutitm <jf ordinary mercuric chloride 
and ammonium oitalatd undergoes decomposition when exposed to 
light, mqrcurous chloride beinglprecipitateU and carbon dioxide evolved. 
The reaction may be vejAcscntejl by .the equation * 

2HgCl,+(NH 4 ) a CjO t ,=2HgCl+2NH,C1 f 2CO a . 

1 ©oroschevski and B&rdt, J. Ruee. Phi w. Chem. Soc., 1914, 46 , 754, 1Q89. 

• H. S. Hatfield, Zeitsch. Elektrochem., 1913, 19 , 617. 

* Meyer, Ber., 1887, 20, 3068. 

* Warynaki and Towtkiewira. -trot. Chim. anal., 1913, 18 , 130. See Noyee, geitech. 

physikol. Chem ., 189fi,»ai, 16. * 

* Prioe, Zeitedi. phyeital. Chem., 1898,27, 474. 

• Green, J. Phyeical Chem., 1908,12,389; Piwihevski and Averkiev, J. Bum. Phpe. 

Chem. See., 1975,47,2067. v ‘ 
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This chanse, which proceeds A a measurable rate, has been utilised 
in quantitative determinations of the intensity of light—so-called 
aetinometru- measurements. The sensitiveness ■ fjtho reaction, however, 
is largely dependent upon the purity of the silts, traces of iron salts 
increasing the sehytivcncss in proportion t<» the amount of iron—pro¬ 
vided the amount isS-e»y small. Indeed, there is reason to believe Unit 
if the solution were eutirt ly free from iron no photochemical effect would • 
be observed. 1 2 * • • 

Hydrochloric acid iV vithout action on gold^hut addition of a small 
quantity of ferrili Hilyridc causes lie gjild to dissolve^, tile ferric salt 
presumably acting a\ a ehloriiic-caifricr s .iu the presence of hydrochloric 
acid and oxygen. Salts of iron iiftflrcqurntly used in organicediemirttl 
processes as halogen-carriers. 3 , • 

Iron Salts as Negative Catalysts. In certain eases small ipmfitities 
of ferrous salts act as ntardiyg agents in chemical reactions, and may 
thercforedie termed negative catalysts. For example, ferrous sulplfate 
has long been known 4 * * to limiter the action of nitric acid on metals. 

Traces of ft-rrio salts retanf the dissMulinii of mercury in nitric acid, 
a phenomenon u^iich is attributedto ileeoni]iosition of the nitrous 
acid by pie catalytic alternate iVduction anil oxidation of the iron 
radicle. , , 

Oxidation* of Ferrous Salts. •Ferrous salts are rcadilx converted 
into ferric «lerivati\estin a wiricty of ways. Thus their solutions arc 
gradually oxidised upon exposure 1^. air, with tin deposition of 
basic ferric sails. The rate of oxidation bv air in the presence of free 
acids is, in the ease of ferrous sulphate, proportional to the partial 
pressure of the oxygen/' lienee the addition of inert soluble salts, 
such as the chlorides and sulphates of sodium, potassium, or magnesium, 
to the joint ion reduces the rate of oxkI.i f ion ill* proportion as they 
decrease the solubility of the oxygen. 7 /, . * 

At (id 1 ('. the relative rates of oxidation of ferrous i i,h a ide, sulphate, 
and acetate. a>v as follows 1 : 10: 100. The uxulniloj^anurars to 
depend upon the un-ionised portion of the dissijjvcd sall/^ 

In alkaline soliftion oxidation ol ferrous iroit is fairly rapid, 8 but 
certain acids retard tin reaction. Fcrrdtis.siilphalc, for example, in 
the presence of free sulphuric acid, is v ery ■Jalile in aif. Concentrated 
•hjiftwhlorie acid assists the oxidation, as also <ki*traces of certain 
substances, sueli as jltatinic aftd euprie chloride^ palladium nitrate, etc.* 
The aerial oxidatimf of sojjitions of fePiims salts may lie accelerated 
by cAtain micro-organisms, known as iron hactcia. Mumford Kl dcsci^X'S 
an organism through the agency of winch *a diluft solution of ferrous 
ammonium sulphate was <*>mplotc!y .oxidised, to ferrte hydfoxide in 

1 Winther, Zeilsch. Photochyn., 1910,/, 197, 237 ;-1909, 7 , 4t)% # # • 

2 M'llhiney, A mm. ./. Sn., 189f^ (4), 2 , 293. , • » 

• See, for example, Meyer, Annakn, 1885, 231 ,*190; Seheufelen, ibtlf., p, #62; 
Meyer and Scheufelen, Her., US85, 18 , 2017 ; »Willgeiodt, ./. prakt. Chew., 188.% (2), 31 , 
639 ; Page, Annakn, 1884. 225 , f90 ; Aronheim, ikr , 1876, 8 , 1400 ; 1870, 9 , 1788. 

4 Millon, Compt. rend., 1842, 19 , 904 ; Velcjfc Phil. Trans., 1891, A, 182 * 279, • 

6 Eay, Trans. Ch*tn. Hoe , 1911, 99 , IOT2. ' 

• M'Bain, J. Physical Chem., 1901. 5 . 023 ; Ennoa, Pror. 9 Camb. Phil. Hoc., 1913, 17 , 
182. Compare Baakcrville and Stfvcnaon, ./. Atner. Chem. Hoe., 1911, 33 , 1104. 

’ MacArth«r,./. Physical Chem., 1910, 20 , 645. See p. 152. • 

4 See Muller and Kapellcr, Zeitsch. Elektrochetn., 1908, 14 , 76. 

/. -•VWwn&i, Ann. Chim. anal., 1909, 14 , 46. 

*, x * Jftnznford, Tram r. Chem. <Sbc., 1913, 103 , 645. 
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fewer than thirty-six hours at, 87° C.,*no iron remaining in solution. 
There can be no doubt that the natural deposits of bog irtm ofe, occurring 
in Sweden and elsewhere, owe thcir^xistencc to actfbn of these lowly 
organisms. 1 < S 

The presence of platirrtim also appears to accelerate the oxidation 
of solutions of foitoiis sails. 2 • . 

The action of,hydrogen peroxide upofi ferrhus salts is interesting in 
view of the possible conrfcotSm*between ferrous salts acting as oxygen- 
carriers in ll*‘ blood. The decomposition of Vic peroxide is hindered 
or “ poisoned ’’by the presence ofLrsenious oxghy'ljydrogen sulphide^ 
carbon monoxide, and other ,well-fnown poisons, and the subject is 
vforthy «f careful consideration. 3 

The 1 # mil oxidising media, such as permanganates, bichromates, etc., 1 
react instantaneously with ferrous salts, yielding in acid solution the 
normal ferric salts. Many*metliods for fche quantitative determination 
oftron are based oitthese reactions. Thus, for example, withyiotassium 
permanganate the oxidation of ferrous siflphate proceeds us follows :— 

lOl'YSOj | 2 KM 11 O, ! KlI.SO, 5Ke 4 (SO,)j | K r S0 4 d 2MnS0 4 + 8lI 2 0. 

The persistence of the pink colour ol, the permanganate^indicates 
with great accuracy when sutKeient of this reagent lias been added. 
With potassium bichromate the reaction proceeds ageortling to the 
equation 1 * 

BFeSO, f lv 2 Cr,0, | 7ll,SO, *fc 2 .SO, | 3l<Y.(S0 4 ) 3 4 ('r 2 (S0 4 ) : , l 7I1 2 0, 


the end point of the reaction being determined l>y removing a drop of 
the mixture and testing with a solution of potassium ferricyanide, 
which remains colourless if no ferrous salt is present, hut otherwise 
yiehks a deep blue colour (see |>. 242). • 

Tin meclianis'ln of tire oxidation of ferrous salts in the various ways 
mentioned above lias been studied by Muncliot, 5 who concludes that the 
first, action'', to produce a high and generally unstable oxide, termed a 
primary oxide; which,then decomposes into the final oxidation product 
(that, is, the ferric compound) and active oxygen, which latter then 
oxidises a further portion of the ferrous salt to ferric. 

Ferrous Salt* as Reducing Agents.- - Owing to their ready oxidis- 
ability, ferrous salt's are frequently employed as mild reducing agents.* 
Thus forrieyaniilcs arc seduced to fcrrocyanidcij by ferrous sulphate in 
alkaline solution (sec p. 224). 1 0 

Til photography ferrous, sul (bate is used for the reduction of auric 
chloride,, metallic gold being precipitated.. Thus 

, <Vut:i 3 4 8l'Y'S0 1 =Au + F(/:i3-fFc 2 (S0 1 ) 3 . " 

* < 1 ' l b 

On qdding a solution of a ferrous.salt to,an nmmoni&cal solution of a 
cupric salt, ferric hydroxide is precipitated, the cupric salt being reduced 
to cuprous and remaining in solution. TMs affords a convenient 


g * t < 

1 See also Ellis. Iron Bacteria (Methuen, 19i0). 

1 Jordia and Vierling, tLid., 1904, io, 079. Wnrynski, loc. cit. 

3 Fischer and Brieger, ZeiLich. physikal. Chem ., 1912, 8 o. 412 ; 1912, 78 , 682 ; Rocchi, 

Qhtm. Zentr., 19 U. U-, 1870. r 1 0 

1 The rate oxidation of ferrous salts with chromic acid has been studied by Benson, 
J. Physical Cheh., 1903,7, 1- . * 

4 Manchot, Annakn, 1902, 32 $, 93,105 ; Zeitsch. anorCkem., lftpl, 27 , 379, 420. 
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method of preparing ammoniaeal cuprous solutions for the absorption 
of carbon monoxide in gas analysis. 1 

Ferrous salts reduce nitrites t* nitric oxiJc. On addition, for 
example, of bii.’ium nitrite to ferrous sulphate, barium sulphate is 
precipitated, and lije lipoid turns brown. Ferric hydroxide and a 
basic ferric nitrate are’jiext jireeipitntpd, nitric oxide being evolv'ed. 
Apparently the lirst product of the reae^aa^ is ferrous nitrite, which 
then spontaneously rferjpjnposes in accordance with the equation 2 

• t)F<4KQ,) 2 loN’O I I'e.Oy •.>Fe 3 ?).,..\/) r 

Photochemical Oxidation. M<V<furic chloride solution is reduced by 
ferrous chloride under the influent^ of li^ht, mercurous chloride bcin# 
precipitated. * * 

ii^a Kjci,,. Fed, i ji K n. 

If tin* refcihve proportion of # mcreuric chloride is* small, the rate of 
reduction is almost unitpend<#nt of tiy* concentration of the ferrous 
salt, and the sensitiveness to liijlit increases with dilution. 3 Kqui- 
inolecular solutions, however, do ngt van# to the same extent, hut their 
innximun*sensitiveness occur# at a concentration of .’1 ^ram-molecules 
of each saltjyr litre. The frn si iq*e ot*o\V£cii is without appreciable 
inllucucc on thc#equi molecular solutions. 

Reduction of Ferric Salts. Tin* reverse reactions, namely conversion 
of ferric suits into ferrous, are likewise #asil\ « ffc<*t< ci 1»\ means of the 
usual reducing agents, such as nnseenl hvdroiren, sulphur dioxides4c. 
By the introduction of zinc into an acidified solution of a ferric salt, 
reduction is rapidly caused. Kxcess of acid slight Iv retard' the reaction. 4 
This affords a convenient method of \olmm tricijlv determining the 
prcsenee*of ferric iron, the solution after reduction heinj* titrated ^vitb 
permauj'anate. * • 

Zinc dust is particularly rapid in its action, even in mul/al solution. 
In this latter case, hovvevtr. thu iron is partially precipitated stk ferric 
hydroxide. Tin* reduction takes phirc with ui1c % in abtPlute alcohol, 
and is entirely independent of the pr< seig*e of occluded hydrogen in 
the zinc. It would appear, therefore, that. *1 he zinc acts directly as 
a (|fchloriimtur, and that the reduction i*> not effaced by nascent 
fcyflrojjcn. 4 Thus . * 9 

2 lvCI, I Zn 2 Fc(’Lg Zntt?. 

• * 

Sulphur dioxide may be passed into |i sijutfort pf a ferric sail frfF a 
similar purpose^nr it may be.gcfiemtcd in the solid ioi^ by addition of 
an alkali sulphite arid a little^lilule mii^ral acid.* TIujs. ferric snlpliate 
is reduced in aecorrkinec with the ermatioil • • . 

FeJ(SO,), f Sjf>u 4 ‘4II./) - ^FeSti, ; 2II 2 S0,. . , 

The mlueing action *>f. thiosulphates on ferric salts is interesting, 

1 Frischer, Zeit., 1908, 32 , 1005$ Hoffmann, ('bin. Znttr , 1907, f., 1394, ffom 
Chew. ind., 1907, 30 , 152 ; Biddle. Awn. Chew. 1901, 26 , 377. 

* Piceini and Zuco, Gnzzrtta, 1883, 15 , 475. • 

3 Wiither, Zeitsch. 1 cm. Photochem., 1912, 11 , 00 . • 

4 Carnegie, Gratis. Chen. Soc., 1888, 53 , 408; Cu mining and H. S/fiilR, Proc. Roy. Soc. 

Kdin., 1912. 39 , 12. # 

* Cannae, loc. cii. # 

* Camming and S # mith ,fyc. eft. ^ Austen and Hurff, Chcm. News, 1842, 40 , 287. 
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ranking as one of the few tetramoleeular reactions thaf. have been 
studied. The reduction proceeds 1 in accordance t with the ionic 
equation * • 4 ,r 

8Fc";+2S l O J '=2Fe" + S t O/- X 

Peduction of ferric salts with potassium iodide K” usually regarded as 
taking place as follows, 2 in the base of fcivie chloride :— 3 

2FcCl, d - 2 KI=2FeCl,+2KCI4-1,; ,, 

or with ferric splphate :— 4 c | . ‘ • 

« , h’(' 2 (SO,) a ! 2l\I . -V-S'cSO, f K 2 SO,-f-I 2 . 

’ » * 

fy is*quite possible, however, that intermediate iodo-eompounds are 
first formed, and, being unstable, rapidly decompose, liberating iodine.* 
Thus : * t 

'iFcCLCll 2KI g|'V('l 2 11 2K('I, 

’ ‘--FeblJ -2l’v('l.. : I„ 

and 

^ki^fcso,! i k,so* 

. 2| , VS(') I 1 -2l'VS(), : I 2 . 

A useful reducing agent is stannous chloride, wliich*rcacts with 
ferric ridoride as follows :— • 

* * • 2Fed., |-Sn(‘l ! =2Fet'l a -(-Snl'l,, 


the reaction being one of the third order or trimolceular 0 and not bi- 
molwular, as Kohlenberg suggested, 7 in neutral solution. In the 
presence of acid tlte reaction apparently approximates to ope of the 
sceflm] order, but the jKc played by the acid is not clear. 

Photochemical Reduction. .Ferric salts are reduced by organic sub¬ 

stances uqfier the influence of light. Thus an alcoholic solution of 
ferric chloral/', when .exposed tp sunlight, is converted into ferrous 
chloride, the alcohol being oxidised to aldehyde. For example, in the 
case of methyl 8 and ethyl alcohols 

2*tfeCl 3 +t'lf 3 OII==2FeC'l 2 | H.CHO-f 2HC1, * , 

2FeCI 8 +VH 3 .CH,OIl-.=2FeCl s K'H 3 .CIfO-f -211C1. , * 

In this reaction the light a?-ts, not as t catalyst, hut as a soqrce of 
energy. The quotient* , I 

* » * 

‘ * Tirju* requiivd for dccojorisalion 4 * 

, » ♦ Concentration of lcivie chloride 

» * , 1 *. i • 

1 In such few cases as it has proved possible to determine. Hewitt and Mann, Tram. 
Cfotn. Soc 1913, 103 , 324. 

* The reaction is reversible, for unde* certau conditions ferrous salts reduce iodine 
to hydrogen iodide (see p. 152). 

* 8 Seubert and Ganb, Ze*tsch. anorg. (them. -1895, 9 , 212; Seubert, ifyd., 1894, 5 , 334; 
Seubert and Dorrer, ibid., p. 339 ; Carnegie, Chew. Mem, 1889, 60 , 87. 

4 Seubert and Rohrer ,vZcit*ch. anorg. Chew., 1894, 7 , 137. 

r ‘ Seubert and Dorrer, ibul. t 1894, 5 , 411 ; Orlov, J. Jiuss. Phys. Chem. Soc., A 913, 45 , 
489. •» *» . 1 

* Noyes, Z^Usch. physical. Chem., 1895, 16 , 546 ; 1895, 18 , 118. 

* KiJilenberg, J. Anur. Soc., 1894, 16 ,314. <, * 

* Benratli, prakt. Chevu, 1909, (2), 80 , 283. * % * 
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is nearly constant, from which it is concluded that the amount of light 
energy required *o reduce a definite quantity of ferric chloride is nearly 
constant and independent of the concentration. • 

Similarly a.ferrie stilt of an organic acid is reduced by sunlight, 
ferric oxalate beiitg,n well-known example. 1 • 

Vc't( C 2 (), C, — 2 FeC'jO, - i 2(0., 


In this ease the progress of the reaetion nitty fie followed hy noting the 
rate of evolution of curVm dioxide. The blue |j)mts usnMiy engineers 
are prepared hy <a\q>ovng to light, titular n drawing ghieli serves as 
negative, sheets of phper previously soakeil in a solution of an organic 
ferrie suit. After a suitable ex|&jjuje the paper is washed^ with *rt 
solution of potassium ferri^yannle, which gives the eliaAetigistie 
Turnbull's blue colour where the light lias effected tin- reduction of the 
ferrie salt. 2 t ' t 

Ultraviolet light,*such iis'tlmt, for example. ciAhlcd by an eleetrie 
spark passing between aluminium terminals, is very active in reducing 
ferric salts, itV activity being greatly increased by the presence Oi 
sugar. Alteration of temperature apjiears to exert, only a small 

influence.: 1 , 

It is interesting to note.tlial ferrie*salts of organic acids such as 
citric, tart mid, <t e, are not as a rnlf- ft rrie salts m the ordinary aceepta- 
tiou of the A rm. Tlic*iron has cnl end, info the electro-iiegative radicle 
in an analogous manner to copper in tye organic copper derivatives.* 
In ferric oxalate and m the ferrieyanides, which Inlter ihyiot oout(jin 
hydroxylie or earhoxyhe groups, tlie iron is similarly m the negative 
radicle. 

Ferrous oxalate is only slightly soluble in water. Imt the double 
salt K 2 tV(('A) 2 .2ll 2 (> dissolves more rcadilvx The iron is mainly 
present in solution as the complex anion Fe(CljO,) 2 '^ lmt IhisaltTnot 
very stable, owing to dissociation, which takes place as follows 

F. (C 2 0,),% --FcC 2 0, I (,,()/, *" * 

• (Solid) * ^ * 


unless an excess of alkali oxalate is prfsigil, ferrous oxalate being 
precipitated. 5 • • 

• "The magnetic properties of Iron «alts have bean'the subject of a 
COnsickrable amoimt*of investigation.* % 

Reduction of Iron Salts tp Metallic IPon.- Both ferrous and fewie 
salts Van be reduced to the metal in a)variety of ways. In solution 
many of them ari'rcdueed byj tl«e introduction of more electro-positive 
metals such aSTnagncsniin,*/mr, or al8minium t as nJio'by electrolysis. 
In the dry Way thev are red wed bv fuajing in a cum-nfc of hydrogen 
• "• • , • . • • 

1 See Baur, Zeitach. physikal.tthem,, IftflH, 63 ,* (IH.'l ».fodjbnut-r, 1 but., 1008, 59 , 
Lemoine, Compl. rend., 1 S!J."|. 121 , 817 ; I SSI',, 120 , 441 ; ISK.'I, 97 , 1208 ; Koloff, Zcittch* 
pkyaikal Chum., 1894, 13 , 3273 4odin, CnmptSrrvri., 1882, 94 , 1315; Edcr, J. Chem. Sac. 
Abate., 1881, p. 670. The reaction was know n and made use of in actinomepy long bi^orn 
these dates, however. • ,* 

1 The photochemical sensitiveness of various organic salts has been examined by 
Winther and Hqwo, Zeitach. wise. Photochem., 1914, 14 . 196; flodlbauer, loc. cit. 

1 Rons, J.Amer. Chem. Soc., !go 0 , 28 , 780. • 

* Pickering, Tram. Chem. Soc., 1913, 103 , 1358. * 

* Sheppaad and Meet, Tram. Chem. Soc., 1906, 87 , 189. 

; * FmoU, CompLjrcnd., 1908. 147 ,68, etc. 
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r carbon monoxide, or with zinc dust flr by ignition with carbon in an 
ir blast, (sec Chapter III.). « * 

When ferric acetate solution is ^xposed to hydrogrti gas at 850° C. 
ml under ‘280 atmospheres’ pressure, ferric oxine is precipitated as an 
nhydrous red tnass, insoluble in water but soluljji^in hydrochloric 
(fiej. At tOO 1 ' ('» and under a pressure of 42# atniosplieres, metallic 
‘on is obtained. 1 * • * 

Alloys of Iron.’ Thcs<»ari*dfult within Part III. of this volume. 

•» - 

* 1 Hpilticffrand VWrnhmvAy, Her., 1 1 UCl," 42 , 2^78. 



CHAPTER V[. 

COMPOUNDS OF IR<!)N \J*1T1I HYDRdbEN 
AND TUB .HALOGENS. 

Iron Hydride. It is a moot |imnl as to whether or not a hydride of iron 
is capable of existence. It. lias been sugj/hxled that, ferrous hydride 
results oi* treating ferrous iodide with /.me ethyl. •Thus * 

• Felj, | ZliKt 5 /.: 1 1. (•Fell,, 1 2 (' 2 11 4 , 

but the cvidcncc«is not conclusive. 1 

. • 

IRON. AN1) FUJORINE. 

•• • • 

Ferrous fluhride, Vcle,, may be obtained as colourless monoelinic 
crystals of density t-O!) by heating reduced iron or auhydrouj ferrous 
chloride to redness in a current of <Vy hydrogen fluoride. 2 In the 
amorphous condition it results on passing hydrogen fluornU over fwr.rns 
chloride m the cold. 

It volatilises at, 1100° ('.. and is reduced by hydrogen at high tempera¬ 
tures to metallic iron. It dissolves slowly in water, and tiie solution 
gradually deposits hydrated ferric oxide. f 

The tetrahydrale, FcF 2 .4lI,,(), results in the ftirm of while orTfaintly 
green prisms when iron is dissolved in aqueous hydrogen, fluoride and 
the solution allowed to crystallise at the ordinary temporalifre. On• 
warming gently the crystals lose •their continued vfater, and the 
anhydrous salt is left. The crystals uijp more soluble in hydrogen 
fluoride solution than in pure water. The solution decolorises perman- 
.ga*ate, the ferric salt being obtained, an’d the sanfe result, accrues, 
albeit more slowly,, by simply exposing the aqueous solution to the 
atmosphere. • • 

'File mineral acids dissolve the crystals completely. When ignited 
in air, ferric oxide is obtained, as also when the fi^stals arc fused frith 
an alkali carbonate. Double salts formed by union \jith thq fluorides 
of the alkali and certain otljer metals have lici n described. 3 These 

may be termed • . . * ‘ • • 

• * | • * 

Ferrj)Jluo%ule§ or Fluojtrrites. * t 

Thus, for example^ .with amitionium fluoride two salts have » 
been obtained—namely ammonium^ trifluoferrite, N H ,FeF 3 .2H 2 0 or 

1 Wanklyn and Carius, Anncdcn , 1861, 120 , 60. See al»o J)upa#quier, Compt, read 
1842, 14 , 611; Freaeniua and Schlossbergcr, Aanakn, 1844, 31 , 413. 

* Pdulenc^Cowp*. rend,., 1892.|II5, 941 ; Ann. Ckun+Phya., 1894, (7), 2, 6. 

a Marignac, i4»n. Chim. Phys., 1860, (3), 60 , 306 ; W73, (4), 30 , %6 f K. Wagner, Ber. t 
1886, 19 ,, 8 W; B&rteozko, DUserUUion, Bern, 1900; Weinland and fcOppen, Zeitsch. 
anorg. Ckertu, 1900,#22, 266. * • 
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FeFj.NH4F.2HjO (green); and the fbtrafluoferrite, (NK^) a FeF 4 or 
FeF 2 .2NH 4 F (brown). With potassium fluoride the* flesh-coloured 
trifluoferrite, KI'cF.,.2lI 2 0 or FcF,.KF.2lI,0, is forafed. The tetra- 
fluoferrite, K 2 FeF 4 , is also known. 1 r 

Aluminium pentafluoferrite, AIFeF s .7lI 2 0 or i K(1-' 2 .A1F 3 .7II 2 0„ is 
obtained as small, greenish-white crystals on, infixing a solution of 
•ferrous carbonate in dilute hydrofluoric*auid‘with one of aluminium 
hydroxide in the same acid aiVdVoncentrating over lime at the ordinary 
temperature.*, V * 

The ferric analogue* FeF 24 FeF 3 .7H 2 0, has also 'lyen obtained (see* 
p. 89). * .1 • 

• Silicon hexafluoferrite, SiFcF, ; .<^f 2 0. is more generally known as 
ferrous fllosilicate, FeSiF c .fiil 2 0 (see.p. 240). 

* 4 

Ferric fluoride may be obtained in tie hydrated condition by dis¬ 
solving ferric hydroxide in aqueous hydrogen fluoride, 3 or by pxidation 
of ferrous fluoride with nitric acid in the'presence of hydrofluoric acid. 
Upon evaporation crystals of the mmahijiirate , 2FcF 3 .9tI 2 0, separate 
out. which, at 100" (*., yield the he.mhyilraU ’, 2FcF.yiH 2 0, and when 
gently heated in gaseous liydi'ogen fluoride, evolve water yielding the 
anhydrous salt. FcF.,. . ' , 

The last-nalned is also obtained'when hydrogen fluoride is passed 
over red-hot iron, ferric oxide, or ferric chloAdc ; 4 'or by heating 
the double salt, ferric nmimniiim fluoride, FrF„.'i.\ 1I,F, in an 
inert gas. 

'At 1000T. ferric fluoride partially volatilises and partially crystallises 
to small green crystals, possibly trielinic, 4 of density 3-18. When fused 
with qlkali carbonates it yields feme oxide, as also when ignited in air 
or steam. Ilydrogef. reduces the salt at dull red heat, lioiliqg water 
dissolves only tr;iees < ( \ the anhydrous salt. Aqueous solutions of 
ferric fluoride are colourless, and their electric conductivity very 
small, jo tIv.it but little ionisation takes place. Determinations of 
"the l'rcczin<^- i points of dilute solutions 5 indicate a molecular 
weight corresponding to the simple formula JeF 3 . Addition of 
ammonium hydroxide causVs the precipitation of a yellow basic 
fluoride. 6 , 

It has been suggested that the formula for the hexahydrate woWd» 
be more correctly 7 represented as Fe. 2 F 4 (f)H) 2 (Ilf') 2 .tlI 2 0, since* only 
two atoms of fluorine eiiter*into doublg decolnposition with barium 
chlqj'ide solution, althqugh the 1-action is complicated by the precipita¬ 
tion of barium ferrifltionde.'lta.'FcF,,),. Again, on bailing the salt with 
alcohol, two molecules qf hydrogen iluorido arc readily Evolved, whilst 
the remaining fluoflne is expelled Very slowly. On prolonged heating at 
95° C. ahoxyjlworide, Fc^OFj,'is produced'.— 7 ' 

* ' Fe 2 F 4 (0II) 2 (Hf') 2 .4ll 2 0=Fe 2 0F 4 -p5lI 2 0-|-2HF. 

• ® 

1 ’Wagner, loc. cit. 

1 Weinlancf and Koppcn, ZeiUsch. anorg^Che*., 1900, 22 , 266. * 

* The heat of neutralisation, Fe(OH) a .3HF. Aq., is 23,746 calories (Petersen, Zeitsch. 
pkysiliMl. Chem .. 1889, 4 , 38*f; Her., 1888, 21 , 3267). 

* Poulenc, Coinjd. rend., 1892* 115 , 941 ; Ann. Chin%. Phys., 1894, (7), 2 * 5 . * 

* Speransky, J*. Rh.<ts. Chew. St*., 1892, 24 , 304. 

* Soheurer-Klstnor, Ann. Chim. Phys., 1863, (3), 68, 471. 

7 ReoOura, t <?omp<. rend., 1912 ^ 154 , 655. 
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These reactions appear to indicate that four of the fluorine utoms are 
attached to the iron considerably more firmly than the remaining two 
atoms. * t 

Some double salt! have been described, 1 and those of gencraL 
formula ', t • 

• • • FeF,.8MF, or M,FeF„ • « 

• . • 1 

are known as jerrijluoridrx or hexufluojcrfati *. They form an isomor- 
phous series, likewise ^Amorphous with corresponding dijublc fluorides 
•of aluminium am^ehrgmium. 2 

• • 

Ferrifluorides or fhlbferrates, M 3 FeF a . 

The’se salts are usually kmuvn as ferrifluorides. 

Ammonium feprifluoriddf (NII,) 3 FoF,,* is on-pared by nearly 
neutralising a solution of ferric fluoride in hydrofluoric acid with 
ammonia, aii(J evaporating. 11 . . 

Barium ferrifiuoride, Iia 3 (FcF 6 ) 2 , is obtained as a precipitate when 
barium chloride fs added to an aqueous solution of ferric fluoride. 4 

Potassium ferrifiuoride, K 3 FcF„ may be obtained in a similar 
manner to tl^e sodium salt, ivhioli it ekfsely resembles. 6 » 

Sodium *fer*ifluor^le, Na 3 FcF (; , is obtained on adding ferric chloride 
or fluorideT^o a neut ral solution of sodium fluoride. 5 It is foryicd ns a 
white, crystalline precipitate, which isVnly sparingly soluble in water. 

It docs not give a red colour with thiocyanates, thus indicating th*t4he 
iron atom is part of the negative radicle." 

The sublnjdrule, 2Na 3 FeF 6 .H 3 0, has also been obtained. 7 
Sodium fluoride and ferric fluoride yield a eutegtic mixture, lfielting 
at 892°»C. and corresponding in composition/o the formula 65 £aF. 
35FeF 3 .“ • •— 

Thallous ferrifiuoride, 8TlF.2FcF 3 , is obtaine^as pinjt crystals on 
evaporating a solution of thallous fluoride and exuess <tt ferric* 
fluoride. 11 , ... 

Ferrous diferrifluoride, FeFe 3 F k .10^ 3 O, o? FeF 2 .2FeF 3 .10H,O, 
.obtained by the action of hydrogen HuoridAon iron in the presence of 
nitric acid, crystallises in colourless, oetahedra, whtch appear flesh- 
* emoured in thick payers. Jt gives* the ordinar/ ferrous and ferric 
reactions only after addition of an acid. 10 • 

ferrous monoferrifluoride, FeF r Feh* 3 .7H 2 0, is obtained as yeflow 
crystals on mixing a solution of ferric hydroxide jn dilute hydrofluoric 

• • *’ • . » 

1 SeeRecoiya, Com.pt. rend., 1913. 156 , 101&; 1912, 154 * 035 ; Ephraim and Barteozko, 
Zeitsch. anorg. Ghent.,* 1909, 61 , 238; Christcnserl J. prukt. Ghent, 1887, (2% 35 , 101 ; 
Guyot, Compt. reni{, 1870, 71 , 274* Nickl^s* J. Pharm.^Jhir*., 1801?, («4), 10 , 14 ; 1808, 
(4), 7 ,15; Marignac, loc. cit .; JJetzelius, Fogg, Annale*, 1820, 4 , 129. * * 

1 Helmolt, Zeitsch. anorg. Chem., 1893, 3 . 115. 

a Marignac, Ann. Chim. J%s-> 1860, (3)*6o, 306; 1873, (4), 30 , 46 ; Wagner, Ber., * 
•1886, 19 , 896. , 

4 Recoura.Comp*. rend., 1912, 154 , #65. . 

6 Wagner, loc. cit. 

■ " 8 Greeff, Ber., 1913 , 46 , 2511 . 

* 7 P%tera, tfeitsch. physilcal. Cft-m., 1898, 26 , 193. 1 

a Baakov, J: Russ. Phys. Chem. Soc., 1913, 45 , 82. * 

, 9 Ephraim and Barteozko, Zeitsch. anorg. Chem., 1909, 61 , 238. 

.« Deossen, Monatsh., 1907 # 28 , 163. • 
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arid with a solution of ferrous carbonate in the same aei^ and con¬ 
centrating at the ordinary temperature over lime. 1 • 

Cobalt ferrifluoridC f oFo.FeF.j^'lIjO (rosc-cplourcfl), nickel ferri- 
fluoride, NiF 3 .l^eF 3 .7lI 2 () (green crystals), and zinc' ferrifluoride, 
ZnF 2 .FeF 3 .7ll 2 0-(faintly fed crystals), have bags'obtained in ap 
analogous manner.* - * 

IRON AND CIILORINH 

• • . . * 

Ferrous chloride, Fctl 2 , may be obtained in tire anhydrous condition' 
in t a variety of ways. A convenient ipethod consists in heating to dull 
red heatVxcess of iron filings in .aVtirrcnt of chlorine, of ammonium 
chloride, or of gaseous hydrogen chloride, the latter methods being 
preferable, as the first-named generally yields small quantities*of the 
ferric salt. Ferrous chloride also rcsultsVvhcn ferric chloride is heated 
in a current of puM hydrogen 1 ; but care must be taken A hut the 
temperature does not rise too high, or thg ferrous chloride will itself be 
reduced. 

When a current, of low dqpsity is passed through dilute ethereal 
solutions of ferric chloride, reduction to fVrrous chloride take:* place at 
the cathode. 4 . • • 

If the hydrated salt, FcCI 2 .4ll 2 0, is dissolved aninyinitim chloride 
solution, evaporated to dryness, and subsequently heated in five absence 
of air, the water and ammoniumfchloride escape, leaving the anhydrous 
fersous chlorglc behind. 6 

Anhydrous ferrous chloride as obtained by these methods is a white 
scaly crystalline substance when pure,® but usually it possesses a yellow 
colour'in consequence of the presence of traces of the ferric salt. Its 
deusityis 2-58. It rcadilv dissolves in alcohol and in water, with the latter 
yielding colourless solunon which turns green upon exposure to air. 

When heated strongly in air ferric chloride and oxide are produced, 
.the fornfcr volatilising. Thus 

* l‘>F?Cl 2 d-a0 2 ^8FeCl 3 + 2Fe 2 0 3 .® 

When heated in steam, ferrous chloride yields hydrogen chloride and. 

ferroso-ferric oxiife:— 

• • 

aFcCljJ 1II 2 0 = Fe 3 G 4 + (5IIC1 +1 f 2 . 

• • 

In the absence of air, fcrrousa-hloride fiAes at red heat and volatilises 
at yellow heat.’ Its vupour*dcifcit.y has been determined under various 
conditions, both In an atmosphere of nitrogen and of gaw^ms hydrogen 
chloride. 7 At bri^Itt yelfow heat i« the latter gas the densities obtained 
in two fxperijrwnts corresponded to molecular weights of 192 I and 
188$ respectively—values tjiat lie midway lietween thos'B for the simple 
molecule FcCl, (namely 120-8) and the double' molecule Fe 2 Cl 4 (namely 
238-6), respectively. This suggests that the* vapour consists of a 

* « * • 

1 Weinland and Koppen, ZnU*;h. a&org. Chem., 1900, 22 , 200. 

1 Geuthor and ^’oraberg, Annalen, 1861, 120 , 273. 

* Wohler, Annalen, Suppl., 1805-06, 4 , 255. 

4 H. f E. JVilliams, /. Amer. Chem. Soc., Mft2, 34 , 1014. 

* Sfe Geuther and F 8 rsberg, Annalen, 1861, 120 , 273. 

* WOhler and Liebig, Pogg. Annalen, 1831, 21 , 582. 

*<Meyjer, Ber., 1879, 12 ,1193 ; 1884, 17 , 1335* 
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mixture of double and single Aolecules in equilibrium with each other, 
as represeftted.by the equation 


. ’ « I'VXI, ;*-"2FcCI 8 . : 

• 

At 1300° to'lNjpo 0 C. dissociation into Single molecules of FeCl s is 
complete. 1 • * * • * . 

In boiling solutions of firganie liquids such as, pyridine, ferrous 
chloride appears to have the simple formula t'c('l 2 . 2 

An'ethereal solutmn of ferrous chloride Jieateil in*a sealed tube 
•with ethylene.alwdrlm the gas, yielding«i compound, i'c('l 2 .( 2 H,.211,0, 
in the form of cofourless, needle-shaped crystals, readily soluble in 
water. 3 *J . t 

Ferrous chloride unites .with bromine to yield an unstaflc ghloro- 
bromide, FcCl 2 Br (sec p. 100). 

Ferrous chloride readily absorbs ammdnia, yielding a voluminous 
while mjss, which bn warming evolves some of lW gas again, whilst on 
heating to above 350' C. redaction taps place, iron nitride being pro¬ 
duced. Two”dejinite compounds have been obtained, namely the di- 
ammoniutc, Fe('4j,.2NTI 3 , and the hewtimmimiiile, Fcl'l^GNlI,; whilst 
the exigence of the monaifimoniate, f’el'l 2 .NII.„ has been detected. 
Between flic temperatures of -18° and*350° C. the reaction is reversible, 
the equilibrium heiunrepresented*as follows :— 4 

.i'NIlj-1-Fel l, - - FcC’U.eNH,. . 


The hexammoniate is formed at the ordinary temperature, andrihe 
diamniomate by heating the hexammoniate to 100° C. in hydrogen. 5 

The dissociation pressures and heats of dissociation of these com¬ 
pounds have been determined as follow : 11 m _ !> 





-- 

• 

• 

Temperature. 

V. 

• 

Dissociation 

PrcMftre. 

mm. 

• • 

Heat of 
• DisHociation. 

* Gals. 

FcC1 2 .0NH 3 

• 

90 

* 270 

* 

1805 

feO,2NH 3 ... .. 

23(f 

12 i 

20-8 


277 

• 

555 

20-7 

• 

Fe*Cl 2 .NlI 3 

2115? 

* * is-s 

22-5® 


. 2 77. 

• 

54-4 9 

J 

£3 1 


With methylaminc, ferrous ehhjndc yields Ywo+ompmtnds: namely, 
a white voluminous compound Containing sisf molecules of mcthylamme, 
FeCl 2 .6CH 3 NH 2 ; and atgjey eompofind, FeCl 2 .2CTI 3 NH,. 


1 Nilson and Pettersson, Trans. Ghent. Soa, 1888, 53 , 828. 

a Werner, Zeitsch. anorg. Ghent., 1897, 15 , 1. t 

3 Kachler, J. prakl. Ghent., 1869, 106 , 264. 

4 Gfrarde^ Bull. Soe. ch\m„ 1910, (4), 7 , 1028; FoWler, Trans^Chfm. Soc., 1901, 79 , 

285 ; Miller, Amer. Ghent. J., 1895, 17 , 670. • 

, * Miller, 4oc. cit. 

• Biltz and HilUig, ZeUsch % anorg. Ghent., 1919, 109 ? 89. 
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The hydrazinate, FeCl 2 .2N s II 1( has al!o been prepared. 1 

A study of the vapour tensions of hydrated ferrous ehlerid? indicates 
the existence of four hydrates—namely the hexahydrate, FeCl a .6H 2 0; 
tetrahydrate, FeCl 2 .tH 2 0; dihydrate, FcCl 2 .2lI 2 <i; and monohydrate, 
FeCl 2 .II 2 0. 2 Of these, the best known arc the tetra-,«nd di-hydrates, 
th^ former being tin- usual hydrate under normal,conditions. 

• The tetrahydrate , Fc(,T 2 .4lI 2 OJ is readily obtained in the form of 
bluish monoelinie crystals «tvln*n “iron is dissolved in aqueous hydrogen 
chloride and tjre solution evaporated out of cfifttaci with air^ The 
density of the crystals *s 1 •Oty. They deliquesce upon exposure to 
air, acquiring a greenish colour consequent upon slight oxidation. 

The tatrahydnilc is converted i*U> the dihydrate, FeCl 2 .2H 2 0, on 
,■ healing, the transition tenqfentture for the phases 
FeCl 2 .2lLO+2HjO 


gentle 


FeClj.'HljO - 


being 65-2° C. 4 Froyn a saturated solution it separates out at 72-6° C. 5 
In u saturated solution of ferrous magnesium chloride the effhydrate 
forms at t.‘t ‘2' l'. 6 The dihydratsr is also formed by allowing the tetra¬ 
hydrate to effloresce at the ordinary temperature in a vacuum 7 ; and by 
passing a current of dry hydrogen chloride through a saturated solution 
of ferrous chloride, 8 when it is obtained as*fine, transparent pitle-green 
needles, which do not alter in a vacyum. ‘The hy.Us of [cy mat ion of 
the anhydrous and hydrated salts are given as fellow : ^ 


whence 


Fe] +(CI„)+Aq. FcCl 2 /q. f 99,950 calories, ,J 
Fe| |-(C'l s )—[FeCl 2 1 + 82,050 calories,*' 

FcCI*] 1 Aq. —Fc(.'l 2 .Aq,+ 17,900 calories. 


,lFe| (-2(1101) —[Fel'lj| f (1I 2 ) +60,000 calorics," 

|Fc| | 2II0I.AI]. --FeCI 2 A(|. i II. -| 21,320 calorics," 

•-tJ-’eCI 2 ] + 2« 2 0 ^>FcCl 2 .2[f 2 OJ |-f.920 calories, 10 

|FeCl 2 .2lI 2 0j ] 2lI 2 O-=[Fc01 2 .tII 2 OJ+2520 calories, 10 
jjf’eClJI p2[lr 2 t)J =[FeCl 2 .2lI 2 0] |-0100 calories, 11 

’ (solid) 

lFeCI 2 2fl 2 OJ>2|'lI 2 OJ=[FeCI 2 .lII 2 O]+2G00 talories. 11 

(solid) $ 

The heat of solution of the dihydrate at 20° (\ is 8700 calorics. 1 
A monoliydrate, Fr0U.II 2 O, ha§*bccn described by Lescueur. 12 
The solubility of ferrqps chloride in wafer is as 'follows : — 13 

Temperature, "C, . 16 18 25 * 28 43 .50 53 72 80 96 118 

Gram*FeCl a ]ier UK) . ' 4 

grams solution . 40-5 * 40-9 41 0 42-3 4 +4 45 0 45-9 40-2 51-3 5l0 61-7 

—-*— - *■- ----- - — *--St-**-- 

1 Fran ion and O. v<fTi Mayor, Xeitsch. anorg. Chew., 1005, 60 , 247. . 

• Lescdbiy, ArAi.jChiin. Phys., 1894f (7), 2 , 78. ^ * 

• Leaccnur (lot. cit. ; lfdl. Sue. chim., 1804, (3), *ii, 853) states* that by the aame 
mettibd he detained the hexahydrete, FeCl,.<»rf a O. r * , 

4 Kremann and Noss, Monatsh., 1012, 3 ^ 1205. 

* 6 Boeke, Sitzungsber. K. Akad. IKuw. Berlin, 1909, 24 ,*032. 

• iBoeke, Jnjirb. Min., 1911,1., 48. , 

1 Sabatier, Com pi. rend., 1881, 93 , 56 ; Bull. foe. chim., 1889, (3), X, 88 ! 

I Sabatier, Bull. Soc. chip., 1894, (3), XX, 546. 

• Thomsen, Thermochemistry, translated by Burke (Longmans, 1908), p. 264. 

10 Sabatier, Bull. Soc. chim., 1681, (2), 36 , 197. 1 * * 

II Sabatier, i&ia., 1889, (3), x, 90. 

}* Leaoceur, cit, 

u Ktard, si an. Chim. Phys., 1864, (7) f 2 , 503. 




uuaurwWDS *0# IRQN WITH HYDROGEN' AND ’THE HALOGENS. 9! 

The specific gravities of solutions of ferrous chloride at 15-5° C. al 
various concefyrations are as follow 1 




Grams of Fed, in 

Specific Gravity at. • 

.100 c.c. of Solution. 

ifl-s° r. 

* • 

• 

• . 

« — - 

519 

• , 1 -0459 

• » 10-27 

1 -0S92 

* 19-73 

M6*i8 

. * 30-16 

• 1 -2528 t 

44-65 . 

* 1-3674 

54-20 ** < 

1 -4439 I 

. v.i 

1 


Ferrous chloride in acidJsolution is partially oxidised by sulphur 
dioxidcjto the fUrric salt, sulphur being de|«tsitcd. 2 Solutioifs of 
ferrous chloride in various sdlvents such as water, alcohol, cthylacctate, 
pyridine, etc., absorb nitric oxide, the extent of absorption depending 
upon the concentration of the iron salt, the temperature, gaseous 
pressing, and the nature o£ the solvent. The limit of absorption is 
reached with one jnoleeul* of NO to one atom of iron. Presumably 
the eompitlunj FetV.NO exists In solution, most probably combined 
with the Solvent. 3 It has not as yet been isolated. 4 

Dry ferrous chloride also absorbs nitrogen peroxide, yielding a 
fairly stable compound 4Ft-('l 2 .NO r which does not lose its nitrogen 
peroxide content, even in vacua /’ In the presence of moisture more of 
the gas is absorbed, but the reaction is complicated. * 


Ferrochlorides or Chlorfrjrites. _ 

Ferrous chloride readily unites with other metallic chlorides to form 
double salts, a considerable variety of which' 1 !-! lcnoWn. Those of 
formulaMjFeCl, recall the chlor-ruthcnitex, M^fiuCl,. already discussed/ 
The best-known double salts are as follow 

Ammonium tetrachlorferrite, (MI 4 ) 2 Fe( 1 4 or Fet'I 2 .2NII 4 Cl, is readily 

^ ’ Dunn, J. Sor. Ckem. lml. , 1902, 21 , .‘19U 

1 tSmythc and WardTaw, Proc. Durham Phil. Sor.. 1919-] t, 5 , 187. 

3 See Graham, Phil. Mity., 1X28, 4 , 205, 331 ; (iay, A nh. ('him. Phyx., 188ft, (0), 5 , 145 ; 
Th<*nas, Bull. Bor.. chirn., 1898, (3)? 19 , 313, 4 Hi; Manchot un<l Zechentmayer, ArtfitUen, 
1900, 350 , 308 ; Maijfhot ami Huttner, t bid., 1910, 372 , 1?>3/ > 

* By passing nitric oxid< into saturated ethereal solution of ferric chloride until no 

more gas is absorbed, and subsequently conceht.rating the solutioft over sUIphuric acid, 
Thomas (Corrfyt. rend., 1895, 120 , 44"; the ihsult is disputed by 1 Bellucci, (JazzcUa, 1914, 
44 , ii. 384) isolated‘a substance in the form of black needles'tv Vhieb, tie asoribed 
the composition represented by the foriyula, J*eCl,.Nt>-f 2 i! 2 <). Ad 1 60° small yellow 
crystals of an anhydrous com\»ound Were obtained, to'which the formula, 4eClj.N0, was 
given. Tho substance proved to be readily,soluble in water without gaseous evolution, 
yielding a yellow solution tho colour of which deepened on warming, and from which'* 
caustic alkaliep precipitated ferrous hydroxidi*. , } 

A second Vilid substance, brownish yelh>w m colour, is described (Thomas, Cptnpt. 
rend., 1895, 121 , 128) as resulting on heating feme chloric!? in a current of nitric oxide. 
Partial reduction takes place, leaving a residue of composition corresjxmding to the 
formula, 2EfcC| t .NO. A red hygroscopic anil unstable compoup/1, J0FeCl 2 .NO, is also 
described. 

’ 6 Thomas, Compt. rend., 1897, 124 , 30ft. 

• This volume? Part I. > * ; 

V 11 
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obtained by concentrating a mixed solution of the constituent salts.* 
It is slowly soluble in water. The solution is reduced by zinc at the 
boiling-point, depositing .metallic irrui. 

Caesium tetrayhlorferrite, 2 Cs 2 FeCI„.2lI 8 0. 

Caesium trichiorferrite, 2 *('sFo(.'l. ) .2ll 1! 0. 

.Magnesium tetftrchlorferrite/ 1 MgFcCI 4 .8lJ 2 0i * * 

* Potassium tetiychlorferrite, JC 2 Ket'l 4 .iflI a O or 2KCI.Fc('l 8 .2lI,0.-— 
This salt occurs in nahire'a.s 'Dimfilasite (see p. 29) and is formed by 
mixing solutions yf I'erjous chloride and potassium chloride*at the 
boiling-point aii((,oonoentraling»m the warm. 4 It*is stable uj) to 85° C. * 
The monohydriile, K,Ke( 1,. n,t), is described & as forming red, hygro¬ 
scopic pritms. «• 

Potassium trichlorferrite," KI'\ ( 1,«2II 2 f l- 

Rubidium tetrachlorferrite, Hb 2 Fc( 1 4 2ll 8 0. • 

Rubidium trichlorfcrrite*, 7 llbFct l ;l .2Ir«/). 

Sodium chloride floes not appear to yield doubleValts of tli},s type, 9 
but the double sodium-potassium salt,' Fet'l 2 .3K('I.NaCI, occurs in 
nature as rinneite (see p. 29). * 

When ferrobornn is heated iu ehlnrme, iridescent freon crystals of 
8 FcC1,.R('I 3 are obtained." * * , , 

With stannic chloride, /'minis ulunnithUiridr., FcSn(’L.<>][.,0, is 
obtained. 10 * /' . 

Ferric chloride, FeCl.,, oceurf**in nature in the lain of Vesuvius, as 
thejnyuTal ny>li/.\ilf. In the laboratory it is prepared in the anhydrous 
condition by passing a rapid current of dry chlorine through a retort 
over heated iron wire, advantageously cut into pieces some li mm. in 
length.* The ferric ^blonde volatilises and condenses as hcautiful 
crystals on the upper, coidcr port ions of the retort. • 

At Tie 1 cud of'the Operation the heating is discontinued and the 
chlorine expelled fryi/) the apparatus by a rapid current of carbon 
dioxide. • Thcjinlt is now rapidly transferred to a tube and hermetically 
sealed. * * , , 

Ferric chloride turfy also Ijc obtained by passing a current of dry, 
gaseous hydrogen chloride 'over heated amorphous ferric oxide; by 
passing chlorine otcr heated I’errovs eliloride ; and l>y beating together 
ferrous sulphate and t aleium elilorifle. 11 , , * 

As prepared by any «o( these methods temp eliloride consists of 
dark iridescent, hexagonal scales, wliieh ^appear red by transmitted 
light,•but exhibit a grveb lwstri- when viewed by reflected light. It 
melts under pressure at 801° t\, but vfiloUlisos at 280°Jo 285° C., nt 
* ' * 

1 Winkfl>% llr[£ J^inrm., 18J0, 59 * 171. , See alsu Himnger afid !ier/rl ms, <]ilbcrl'e 
Antudfn, 1807, 27 ? 27,'t; Vftgol, J. jirnkt, Client., 1834,2, 1112; Chassevaut, Ann. (’him. 
jPAy*.) 1803, fit), 30 , 6 . «... 

* Wilke-Dorfurt anil Hevnt>, iler., 1912, 4 fi, 1012 . ,. 

■ Boeke, Jahrb. Min., Hill, I., 08. * 

4 Schabus, SJtznngsbrr. K. Akad. H iw V ien, 1S50, 4 , 45 fl 
s Fritzaoho, J. prakl. Chrm., 1830, 18 , 488. * 

0 Boeke, Jahrb. Min., 191V, I., 48. 

’ Wilke-IKirfurt lull] Heme, Her., 1912,45, 1012. 

• Boeke, Chrm. /n(, 1908, 32 * 1228. 

1 J, Huffmanr^ Zeitsch. anorg. (Them., 1910, 66 , 391. 

10 Biron, J. Hans. Phys, Chrm. Poe., 1904, 36 ,489. 
u Deville and Troost, Compt. rend.. 1801. 12 . 920. 
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atmospheric pressure, its real iflelting-point at 760 mm. being 808° C. 1 
Between 8Sl° and 442° C. its vapour density in an atmosphere of 
chlorine is practically constant, and corresponds.to the double formula 

Fe 2 CV • . * * * 

.At teinperatmws above 500° C. anhydrous ferric chloride dissociates 
into the ferrous saV. iyid free chlorine, the equilitirium being repre¬ 
sented by the equation t • * 4 


• l'V 


Cl, 


The dissociation (s tdready perceptible at 122° C., :l thit is very small, 
becoming appreciable only at temperatures in the neighbourhood pf 
500° C. * . / 

At higher temperatures ♦.till, the ferrous chloride dissociate* into 
simple fnoleoulcs of l'VCl 2 . These facts probably sulliee to account for 
the low results obtained for the density of*ferric chloride in an iqert 
atmosphere, such as nitrogen,* since under these conditions dissociation 
might well b^ expected to proceed to a greater extent at. any given 
temperature than in an atmosphere of chlorine, by the law of Mass 
Action. * . . 

In boiling solutions of alcohol, ether, pyridine, and other organic 
solvents, ferric chlodiele appdars to,exisf as simple moleaules 5 of I'et’lj, 
if the interprehutiou\sually placed upon the results that have been 
obtained is regarded as correct..* § 

When heated in a current of hydrogen, ferric chloride is reduced 
to the ferrous salt. 7 provided the temperature is not allowed to run: too 
high; otherwise further reduction ensues. Traces of reduction can be ' 
detected after several hours at temperatures as low as 100" Heated 
in oxygen, chlorine is evolved, leaving a residue ol^ferric oxide,* and, 
when heated in si earn, gaseous hydrogen chloride and ferric oxi<le,are 
produced. Anhydrous ferric chloride absorbs nitric oxide at (Ordinary 
temperatures, yielding a brown mass having the composition 2l'V(l. r \0. 
On raising the temperature to (JO the proportion of nitric fixide is • 
reduced to one haV, a red powder,.of compilation corresponding to 
4FcCI,.NO, being obtained. At temperatures at Which ferric chloride 
begins to volatilise reduction takes place, ferrous chloride being pro¬ 
duced.’ In ethereal solution ferric elijoride is reduced by nitric oxide 
at r.hj ordinary tcnyieralurc, to the ferrous salt, Which latter absorbs 
excess nitric oxide yielding a compound »h> which the formula 
FcC1 1 .N0+2II 2 0 (vide supra,* p. tl.'l, foojnote 4) has been given, which 
crystallises out at jhc ordinary temperature.. If, hvwever, the teniff-ru- 
ture is first rajspd to approximately 0(J° C., small yellow crystals of the 
anhydrous co;npound, FeCl.pXO, arc stated to re.tult; bat this is disputed, 

• * i ... 

1 HaehmeisU-r, fciUck. anarg. (*hem., I9l5, 109, 1 Is ? Carirllr), t.'hem. Sac., 
1880,37, 125. , ’ . ‘ • • • 

* Fried el and Crafts, CompLrnid., 1888, 107, 301 ; Biltz, Zeiheh. phyeikal. Client., 1902, 

40, 185, 211. The results supp.rt the earlier work of Jlevillc and Truest, Ann. (.'him. 
Phytt., 1800, (3), 58, 280. , . , 

3 Fireman ahd Fortner,./ Physical firm., .1904, 8, 500. 

4 Griinewald and Meyer, Ber., 1888, 21, (187. , 

* Muller, Compt. rend., 1894, 118, 041; Werner, Znlnch. nunrg. Chen)., 1897, 15, t. 

* Se8 Turner, Molecular AosocMion (lajngmans, 19157, chapter ix. 

7 Wohler, Artnalcn, Suppl., 1805-09, 4, 255. * . 

8 Phillips' ,4 mu. Chem. ,/., 1894,16, 255. 

8 Thomas, Oomph, rend., 18(15,120,447; llessun, ibid., 1889,108,1012., 
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as has been already mentioned (see footnote, p. 98). With mtrogen per¬ 
oxide in the cold, ferric chloride yields a brownish-yellaw deliquescent 
powder, of compositi«n represented by the formula FeU 3 .NO,. ims 
substance is stable in air as also In a vacuum,'but is decomposed by 
water, yielding nitrous acid. 1 •. 

FcClo.NOCl is obtained as a black, crystalline Aibstanec when feme 
chloride is heated in the dried* vapours *0111 bqua regia. 2 It is very 
hygroscopic and dissolves'in tva’t.cr, evolving oxides of nitrogen. When 
heuted it rcqdily fuses and volatilises withotV decomposition. In a 
scaled tube it un its at 110 ° ('< « ’•. . 

Anhydrous iirrio chloride Readily absorbs ammonia at the ordinary 
temperature, yielding the hi\vummn»i!ite , l'YClj.liNIh.. ^ This decomposes 
upon exposure to air, yielding f\u f j)cntammt>niate, FcCl.,.5\Il a , which 
is stiTblc in a dry atmosphere. When heated to 100" C. tho teiram- 
moniate, FcCl a .4NII a , results.'* . ... 

•The anhydrous* *>alt when heated to dull redness wit Ij metallic 
Calcium is reduced to iron. 5 • , 

Ferric chloride combines with ether' to form a dafk red, highly 
deliquescent solid of composition Fet'l.,.((' 2 If 0 ) 2 O. <• II is soluble in 
water and alcohol, and at tort" C. dVcoiyposcs quantitatively, yielding 
the oxychloride FcOl'l: • • » % 

FeCl a .(C 2 II r ,) 2 0 —SCjUjCH- FctlCI. • 

The heats of formation of* anhydrous ferric chloride and of its 
hydrides ari; as follow : 

2 | Fe | | 2(CI.,)TA<p —2FcCl 2 .Aq. |-199,900 calories, 7 
. 2Fe(’l.,.Aq. h(C’l,) 2FeCl a .Aq.+ 55,540 calories. 8 

• t 

whence 

• *, • * 

2 [Fe] 1-3(0.^ J_Aq.-2KcClj.Aq. I-255,4 K> calories; 

* again, ‘ ’ * 

2 [FcCI :l | \-Aq .-.2FcClj.Aq.-F03,360 calorics) 
whence, by subtraction, " 

2 [Fc] p:S(CI 2 > --2[ FeCI.,] 1102,0«0 calorics, _ 

2 |Fe('f,l | 5| 11 2 01-=[2FVC1.511 2 0 ] [ 14,400 calorics, 10 

* t [2 FcC1j.5I1 s O] i- Aq. -2Fc('lj.Aq. + 42,000 calorics 10 at 20° C. 

Anhy.drous ferric chloride is very (R’liqpcsccnt, and Abe study of its 
solubility in wnto- is interesting, there being four distinct .curves corre¬ 
sponding to thy Appearance of four hydrated salts, namely, 2Fe( 1 ;j.4II 2 0 

a Thomas, Bull. Sac. Mom, It'll*, (li), 15 . lOOl. * ( 

* Weber, Poyg. Annalen, 1803. 1 x 8 , 481 ( . 

3 van He ter wi, Zei tech, anorg. Chew., 1899, 22 , 277. <- 

V Miller, .4w»<*r. Chan. J 1895, IJ, 57() 

* Haokspill, Bull. Soc. rhim 1907, (4),"I, 895. _ ' 

8 Forster, Cooper, and Yarrow, Trans, ('hern. Soc.. 1917, III, 809. 

i 3oe p, 92. . 

8 Thomsen, ThcnnochemistrjJ', translated by K. A. Burke (Longmans, 1998), P 

8 Thomsen, Joe. at. ; Sabatier'1( Conipt, rend., 1881, 93 , 50 ; Bull. Soc. chtm., 1881, (2), 
36 , 197) obtained a closely similar value, namely, 03,400 calories. > * 0 

* *• Sabatfer, Bull. Soc, chim., 1889, (3), I, 90. 



compounds op Iron with hydrogen and che halogens, w 

(m. pt. 73-5° C.), 2FeCl a .SH s (5 (m. pt. 56° C.), 2FeCl a .7H a O (m. pt. 
82-5° C.),*and«2FeCl a .12H,0 (m. pt. 37° C.) respectively. From the 
last point of discontinuity, namely F in figure 5 (66° C.), on¬ 
wards the salt if anhydrous and is deposited from solution in that 
condition. 1 \ > # * 


• • • 



• 

• 

SOLUBILITY OF 

FERRIC 

CllVOHIDE IJv 1 WATER. 

VS 

• # (The meWn 

g-points ar 

e given in bold type.) 

, 1 


•Solid phase SFeCI^. I241.]<). • 


• 

» . 

* 


Temperature,. — 55 

0 2o 

n 

37 30 27-4 20 

8 

Grams FeCI 3 in 100 

* • 


i 

• 

grams H/) . . 40-52 ’ 

74*30 91 8* 

# • 

f00 8 

150-0 201-7 219-0 fU-l 

246-7 

Solid phtee 2b'eCl*.7H 3 0. 

a 


• 


Temperature, 

20 

32 

• 32-5 30 

25 

(Trams Fe(’l a in 1(X^ 



• • 

• 

grams Tl/) . 204-4• 244 0 

257-8 272-4 

280-0 

• 

Solid phase 2FeCl 3 .5H.,(). 





Temperature, ,J (\ * . li 

f 27 

34 

50 55 58 

55 

Grams FeGl., in 100 

• 




grams ifjO . 201 8 . 207-5 

2V1-0 

315-2 344-8 380-4 

305-9 

Solid phase 21^('! 3 .«tH i O. w 

• 




Temperature, ’('. . 50 

55 

00 

(i!> 73-5 70 # 

00 

Grams Fed, in 100 


0 



grams if 2 () . 359-3 

305 9 3 

72-H 

387-7 450-2 002-4 

• 

525 0 

• 

Solid phase Fed 3 . 





Temperature. •('. 

00 


75 80 

too 

Grams Fed, in 100 



• 


gramuJljO 

525-9 

r, 

114 “ 525-9 

535-8 


» • 

A study of tin; curves in hg. j is iiarticularlv interesting from the 
point of view of the Phase Hide. AH representi^the various states of 
equilibrium betwegi ice and "IVmg chloride,,solutions, a minimum 
temperature being reached at the eryohydrie point.]!, which is —55° C. 
At this point ice, solution, and the dodeeiflijgirate of ferric chloride arc 
in equilibrium. The number of degrees of freedom is nil—in other words, 

*tl^system is invariant, and if heat l»e subtracted the liquid phase will 
solidity without change of temperature until,Jhe whole has become a 
solk^mass of ice and dodoeuhylrnlc. Further abstraction of heat ineqcly 
lowers the temperature of the system as’a whole.. • 

If, starting at* the point ,11, dicat be added to*the system, ice will 
melt, and more of the dodcifthydrate will dissolve in agrtirdanec with the 
equilibrium curve JICIl. which is the solqbilitv curve of tjiis hydrate in 
water. At 37°,C. the dodcoahydrAtc ( melts,*amk if iflihydrflus ferric 
chloride be added to the systVm* the tempera,*ure at which the (kideealiy- 
dratc remains in equilibrium with*the solution is lowered until t.hc . 
eutectic point C is reached at 27-4“ C. At this point the whole solidjfles 
to a solid mixture of the dodecahvdrate and heptahydrate. * 

The curve has been followed in the direction /if the broken line CII 
to +8f C., the solution being supersaturated qith respect to the dodeca- 
hydrater Similarly the eurve ED has been .continued 1 backwards until 
* ^ 

* 1 See.Roozebuom, Zeitsch. physilcal. Chtm ., 1892, xo, 477. ( 

VOL. IX. : XI. • * • " 
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it intersects CH at H at 15° C. This i£ a metastable triple point or 
eutectic, and is capable of realisation experimentally on account of the 
fact that the heptahydrate is not so readily formed. <■ 

• Curves EF and FG represent thclsolubilities of the tftrahydrate and 
the anhydrous salt respectively. , - 



The Allowing arc the transition temperatures or eutectic points 
corresponding .to the points H, C, II, I), E, and F in fig. 5 :— 



11. 

Ice — 2 FeClj. 12 H.jO 

-55° C. 


c. 

2 FcCl 3 .i 2 lI.O- 2 FeClj. 7 H 2 O 

+27-4° 


II. 

2F;C1 S . 1 211.'O — 2FcC1,.5II 2 0 

15° 

tr% 

I). 

2FeCI 1 .7II a 0-2FeCl 3 .5H 2 0 

30° 


E. 

2 FeCl 3 . 5 H 2 O- 2 FeCl 3 . 4 U 2 O 

55° 

< 

F. 

2 Fs.Cl 3 . 4 H 2 O — FeClj 

• 06° 


The dodccakydrate ,' ■2B'cC 1 3 .12II,0, is obtained ns deliquescent 
crystuls by treating solid eompiereial ferric chloride with a current of 
hydrogen chloride, filtering the resulting liquid, and concentrating over 
potash in vacuo? * , 

The same hydrate is obtained 6n allowing a concentrated solqtidli 
of ferric chloride to evaporate slowly in the cold. It separates out 
as reniform masses of lemon-yellow crystals, or in opaque, yellow 
rhombic prisms, 3 according, to circumstances. 4 This hydrate melts 
at 87° C. s „ , . v 

The hcptahydrcic, first obtained by ftoozeboom, 

yields mcnoclinic crystals, pmcevhat darker than the preceding hydrate, 
but readily distinguished by their dichroism. the colouis ranging from 
yellow to blue. When cxpbsed to the Air at room temperature, the 
^crystals become coated with the yoKow dodecnliydrntc. They melt at 
82 3° C. 

1 Known to, ftnd described by, Mohr (Annakn P/mrin., 1839, 29 , 173), and Fritzsche 
(J. prakl. Chtm., 1839, 18 , 479). 

■ Engol, Compt. rend., 1887, IC 4 , 1708. 

1 Roozeboom stilted them to bo aionoolinic. 

4 Sabatier, ibib., 1881, 93 , 56. 

4 Rooxebooqi, loe. cit. 
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hydrate separate ouf. J These melt* at r * *> i t * 1L ' P«»t% 
exposure to air. • ^ 5 , (l a * ld deliquesce upon 

When treated witfi a current of dry livdro.ren chloric al. 
hydrate readily.Jiq,defies, and if sat.^tcd^Wh^K^T!^ 
the^cooied to 0 C. it deposits yellow ktnelhc of the acid salt ht'Cl^cf 

?Saffi5£^£tte=^ 

After standing* the solution should still , ' n r i\ leme condition, 
sullieient of tlm gas has nS« A 2c^ Fve <,hlor,,,c 1 > othef "'i S e 
by bubbling carbon dioxide through the a- ' ‘ T llow r ‘™oved 

hydrochloric acid by some oxidiscr s(Jch as nitric acid. *• 1,1 

In concentrated solution ferric chloride is somewh-.t ;i • 
anee, and dark brown in colour* When such a solnti. ■ H^PCcar- 

watcr, a considerable amount of Is,, 1 “ dllutcd Wlth 
hydrolysis 7 ; thus liberated in consequence of 

KeCl a +3H,0.- U''e(()ll) 3 q siiq. 

SXr ** <,f *■* **•*«■ i/iiazs 

«".«*» «*.*% d^Sptip 

Excessively dibit? solutions of feme chloride 9 , , 

with potassium ferroeyanide, the salt being eoiupletdy hvdrolv IT 
converted into dblloidal ferric hydroxide ('see p. fas). • > S " 1 and 


.i i lm V . e *| t "“ n ^ ai, ! f^'oleo^ of water by W.ttSein (i U?,,e,u,n„ m J** 

l4 > (*)» 5» #ti). but sTj#v£n bv^'rit: 


• 4 --... - ^urrn., 1844, 
'• v y i by rf'ritzHohe and 


(o\ ..m - r wmoi 

/•7 i« an< 0rd "*y (•!• Pharm. Chim , 1844 lit) c kin i „« t 

* Sabatier, loc.cil.; BuH Sue. chim., 1889, ( 3 ) j 33 

4 Roozeboom, loc. cit. • * 

‘ Sabatier, Bull. Soc. chim., 1881, (2), 36 .J 97 ■ Fm„.l 

md oobSi fuorid^Kti^ 1 *; van ",2 coTdiTioT** ferric, cupric, 

1 hammae’Compt. rend., 1893, 116 ,880. * * 

* A«*ndy and Giglio, GaazeUa, 1895, 35 , ij. 1 . 

* Of the ordered U-00083<»r cent. 
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The hydrolysis of ferric chloride may be illustrated for, lecture 
purposes by filling a tube to about three-fourths of its height with a 
5 to 10 per cent, solutionsof gelatin rendered pink with faintly alkaline 
phenolphthalein. When the gelatin'has solidified, a ,10* per cent. 
• solution of ferric chloride is added. As diffusion proceeds downwards,, 
t^o layers become increasingly district—namely, the*'lower,* colourless 
layer, due to the mor$: rapid cliffof the acid liberated by hydrolysis; 
and the upper, opaque layer 8f brown ferric hydroxide. 1 

An interesting l.eetur(* experiment to illustrate "suppression of 
hydrolysis of ferric chloride under*certain conditionsrcohfists in diluting 
a solution of the suit until it is practically colourless, Concentrated 
hydrochloriAaeid is now added, and ^(.‘solution assumes a yellow colour, 
charactejistii: o£ the un-ionised FtT^-molfculc. 2 The addition of 
glycerol to a solution likewise intensifies the folour, and this is attributed 
to diminished dissociation consequent upon the introduction of a sub¬ 
stance possessing a low’cv dielectric constant. 1 ; 

Measurement of the electric resistance of aqueous solutions of ferric 
chloride indicates a gradual increase in conductivity after‘dilution, a 
definite maximum value ultimately being reached for cxcli concentra¬ 
tion of the salt. The time required to reach.a final stage of equilibrium 
varies with the concentration of the salt. Fona 0 00(k>-normal solution 
some three hours are required, whilst'a week is i^iial fpr'n 0 0006- 
normal solution.' 1 This increase in conductivity is usually attributed 
to the gradual liberation of hydrochloric acid in accordance with the 

equation, . p cC l, |-3lI 2 0- 5 Fe(0II) 3 f3lI<Ji. 

The difficulty, however, is to understand the extreme slowness with 
> which equilibrium is attained, for the hydrolysis should take place with 
great .rapidity. In order to account for this, the change has-been 
regarded as taking place in stages as follows :-- 4 

. . Fet’l.,—> F et'ljfOl 1 )-»Fe(’l(OI I ) 2 —sF’efOlI ) 3 . 

This theory, however, eaniYot be regaVded as altogether satisfactory. 

Spring, 0 on the other hand, holds that ferric chloride in solution 
dissociates into ferrous ehlorfdc and chlorine, in the same manner as 

when heated in thc'gaseous state 

* * 

k’vCI 3 ---FeCl 2 K'l.‘ 

The chlorine then reads .with water, vieldihg hydrogen chloride and 
oxygen, which latter dimbiiu’s with thejerrous chloride to yield the 
oxychloride; Fe,Cl 4 0, until^the equilibrium represented by Che following 
equation ij attained*:— * , , 

, ‘ H?0 f L*g + 2HC1. ‘ . 

* 1 * * * 

, A suggestive theory, supported by ultra-microscopic examination 
of dilute ferric chloride solutions has been advanced by Wagner, 6 

1 Vanzetti, Oasulla, 1908, 38 . a. 98. • • 

* See Byk and Jaffe, Zcitsck. physilal. Chem, 1909, 68 , 323. 
a Goodwin, Zeikich. physical. Chem., 1896, 21 , l. 

4 Antony and Giglio % (!azzetta, 1*895, 25 , ii. 1. 1 

4 Spring, /fee, ^rav. Chim ., 189 1 ?, 16 , 237. Supported by Jufereff, Zeiisch. anorg. 
CImh., 1908 , 59, 82 . • 

4 Wagner, Menatoh., 1913, 34 , 95, 931. 
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according to which hydrolysis is instantaneous, but the gradual changi 
in electric conductivity is due to changes in the superficial magnituch 
of the colloid particles. At first the colloid partiejes arc small, and thui 
present in'totq an enormous surface which adsorbs practically the whofc 
. of the liberate*! acid. Gradually the particles inrronsc in size, becoming 
less numerous, A) that the totift superficial arcA falls, liberating pjn- 
portional amounts of the*adsorbe<r,aqid. Wagmjr's theory appears to 
the present authoi^to be the most satisfactory that has as yet been 
advanced. • , > • 

Ferric ehl<*ridc«decomposes sodium nitrite in aqueous solution with 
evolution oV oxides of nitrogen. Tin* reaction is believed 1 to take place 
in two stages, namely• • f * * 

2FcCl 3 -| TiXuXO, 2Fc(XO,). 1 |-<iXat'l' * * 

* 2Fc(X0 3 ) 3 *j 311/) =2Fe(piI)'., 1 3X0, I 3X0. 

A solution of lerrie chloride decomposes leiflf sulphide or powdered 
galena wifli ease on vvarnung, the products being ferrous chloride, lead 
chloride, and sulphur. 2 

, 2F< Cl 3 J- 1’bS 2 F(\_'l 2 4 1’bCl 2 -)- S . 

A simikys rcactfai takes place with copper pyrites or with copper 
sulphides. •Thus?— 

2FcC1 3 +CuS = 2Vc(’1 2 -1 CuCI, I S. * 
and 2Fc('l a + Cu 3 S -2Fet'l 2 -FSCuCI f- S. % m 

This reaction has been utilised m the separation of eoj>per from pyrites, 
a solution of ferric chloride being allowed to slowly percolate through 
the ore raised in heaps, the residual ferrous c-hWridc.being oxidised to* 
ferric*!md used over again. 2 , _ 

Ferric chloride is readily reduced by suitable reagents to* the ferrous 
salt. Metallic zinc*or iron, or even nascent hydrogen, effeetjj the reduc¬ 
tion in aqueous solution. Alkali sulphides reduce it lVith deposition of 
sulphur, and allftili iodides 4 with "liberation of iodine, thus :— 

2FeCl 3 4-2KI —2Fcflj»b 2KC1 -f-1 2 . 

• 

Alcoholic solutions of ferric (Adoridc are reduced by light, 5 which 
a<?ts, not as a catalyst, but as a generalof the necessary chemical 
energy. Ferrous chloric!*, hydrogen‘chloride, and formaldehyde are 
the primary products of the reaction. 9 . ' ■ t • 

Dilute solutions of ferric chloride in pure anhydrous ether arc 
rapidly refiuced to ferrous chloride upon »xposu$ to direct sunlight. 
The chlorine i^ used up, dkrtly in oh^rinating the* ether and partly in 
oxidation processes, so that the'reaction rs not revTirSiblc'in the dark. 
More concentrated solution*, yield ferroift chloride and a black organic 
compound containing jron.’ • 

• , • 

1 MatuSchek, Chew. Zeit., 1905, 31? See alno Penci, Chan. Zenir., 1888, p. 1023. 

* Gabba, Chan. Zenir., 1889, p. 667. . 

’ See J. Chan. Soc., Abstr r 1884, p. 516. 

* See Carnegie, Chan. News, 1889, 6 o, 87 ; also tfiis volume % p. 334. 

4 See p. fc4. 9 t 

* fie^Benrath, J. prakt. Chan,, 1905, (2), 72 , 220 ; 1909, (2), 80 . 283. 

7 Puxeddu, XktzzeUa, 1920, 50 , i. 154. • 
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Ferric chloride is reduced by aqueous stannous chloride, solution 
in accordance with the following equation (see p. 84): 

( 2 Fc 6 3 +SnCl 8 =afr'cCl,+SnCl,# f . 

Add Chlorides. 1 - Several’acid salts of ferric ohJofide have been 
(Jcsaribed. On satmhting the penfafiydrate, 2 Fc£M 3 .SH 2 0, With hydro¬ 
gen chloride at 25 ' A', and cooling the liqufd so obtained to 0° C., the 
compound, Fc('l.,.IlCI.2lI 2 (}, is obtained in t^e form of yellow, 
crystalline lainrila. 1 , Tho compounds, FeCl 3 .IICl.iH 2 < t l and FcClj.HCl. 
OlfjO, have been (d)taincd respectively as greemsh*crystal{i, melting at 
-8° C., ami yellow crystals, inciting at —0° C. 2 

ferric chloride unites with chlorides*of other metals to yield several 
series of dmihle* salts, resembling in oftmpotttion the double chlorides 
of certain of the platinum metals. These (ire conveniently grouped as 
follows:— < 

I'Hrurhlnrfcrrnles, Mj'et'l,. 

• ( . 

Ammonium tetrachlorferratc, NIl 4 FeCl„ or Fo('] 3 .NH 4 Cl, obtained 
by heating the two subslanees together, is interesting hs possessing a 
definite boiling-point, namely 386° I'.'* A salt of similar empirical 
composition has been obtained 1 by crystallisation frmci mixed solutions 
of ferric chloride and ammonium chloride in the i/rm o|) olive-brown 
needles, which, however, are unstable. * 

Caesluifi tetrachlorfeirate, 2('sf'Yt'l 4 .lI 2 0, or possibly anhydrous, is 
extrejnely hygroscopic. 6 

Cuprous tetrachlorfeirate, l'uFeCl 4 , melts at 320° C. If crystallised 
from an aqueous solution, the tetrahydrute , CuFcCl 4 .4ll 2 0, is obtained. 1 * 

* 

* ( Pnitaelilorfcrrates, M 2 FcCI 6 . " 

Ammonium pentachiorferrate, (NH 4 ) 2 Fc('l. v II.,0, associated with 
varying quantities of'ammonium chloride, is Known popularly as 
ammonio-chloridv of iron. It is qyed medicinally, and is obtained 
as garnet cubes by»crystallising from a solution of the mixed 
chlorides.’ , • 

Caesium pentachiorferrate,’ 19 <Js 2 FeCl 5 .Il 2 0, has been obtained as a 
red salt. , *• » 

Glucinum pentachlorferpate, 8 GlF’ct'l 5 .H,0. 1 ‘ 

Magnesium pentachlorferratv, 8 MgFcCl s . % 

Potiissium pentachiorferrate,’ 1 *•" K 2 FcC1 6 .1I 2 0, is obtained by dis¬ 
solving ferric ehloridf in concentrated hydrochloric acid, adding 
potassium chloride,*uud allowing toVrystallise.' It is a red* deliquescent 
salt, decoyipose^ b,v water. * 1 , 

Rubidium pantachlqrferfate," Rb.FeCls.H^O. 

1 * * r 1 i * , 

1 Sabatier, Bull. Soc. chim., 1881, (2). 36 , lf*7 ; Compt renj., 1887, 104 , 1849. 

6 1 Roozeboom and Schreinemakers, Zeitsch. physilcal. Chtm., 1894, 15 , 588. 

•.Hnohmeister, Zcitsch. auorg. Chtm., 1940, 109 , 145. 

1 Mohr, Zeitsch. phyeikal. Chan., 1898, 27 / 193 .* * 

* Walden, Amer. J. .Vo., 1S94, (3), 48 , 283. 

* Herrmann, Ztilech. anorg. Chtm., 1911, 71 , 287. , , 

’ Fritz sebe, J. prnki, Chetrt., 18S9, 18 , 483 ; Mohr, Zeitech. phyeikal. Che fit., 1898, 3f], 

m. < 

* Neumann, Annalen, 1888, 244 , 328 j Ber., 1885, 18 , 2890. , < 

* Walden, Anter. J. Set., 1894, (3), 48 ,283; Zeiltch. awry. Cheat., 1294, 7 * 331. 
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Thall^un peutachlorferrate, 1 Tl s FeCl,. 

Apparently no double salts with sodium exist, at any rate between 
0° and 60° C.% , 

• . » ♦ 

\ Uexachlorferrates , !^Fct'i 0 , 

Caesium hexachkyrferrate, 3 Cs 3 ti Cl 6 .Il 2 0. 

# ## Miscellaneous Double Sails. 

From solutions of ferric and ammonium Chlorides, cubic crystals of 
2 FeCi 3 .NII 4 Gl. tll 2 £)*have been isolate^ 4 similarly. * 

Ferric chloride yields solid solutions with zinc chloridf and v>'ith 
lead chloride, but no compoum^tappcar to be formed. 5 The existence 
of the double salt FcC1 3 .2KF * has not been continued. 7 * • 

Ferric ammonium anlitkony chloride , > 2FcCI 3 .9NII 4 C1.88bCl 4 , cry¬ 
stallises in blaek^jctahcdra from solutions of thp constituent chlorides 
in concentrated hydrochloric acid." 

With sulphur tetrachloride the* double compound SCl 4 .FeCl s is 
obtained as a yellow, crystalline ]>rceipitate ; with phosphorus oxy¬ 
chloride, the compound 2Feli 3 .POCl 3 Separates on warming.* 

A double chloride of phosphorus and iron, Fc('I 3 .1’C1 s , has been 
isolated “iby actfty on ferric oxide with phosphorus pcntachloride. It 
also results <Tn direct union of the two chlorides. 

With alkaloids ferric chloride yields complexes, many of which 
arc characterised by definite meltinjApoints. 11 

• m • 

Ferroso-ferric chloride, Fc 3 ('!„l8H,0, or FeCI 2 .2FeCl 3 .18If 2 0, results 
when the corresponding oxide, Fc,0„ is dissolved in concentrated 
aqueous hydrogen chloride and evaporated ovcvsulphuric afcid. The 
salt separates out asayellow crystalline mass.whieh^readilydeliqufisces. 1 * 
Ferrous perchlorate, Fc(C'I0 4 ) 2 .CI1 2 0, may "be prepared either by the 
solution of iron in perchloric acid 15 or by the interaction of solutions 
of ferrous sulphate and barium perchlorate." • 

On evaporatlbn light green frystals afe produced which evolve 
water at 100° C. and decompose completely at higher temperatures. 

Ferric perchlorate, Fc(U0 4 ) 3 , results "on dissolving hydrated ferric 
yyxide in perchloric acid. It has nyt been obtained in crystalline form. 

•Ferrous chlorate, Fc(t'IO ;l ) 2 , is probably fofmed in solution when 
ferrous sulphate and barium chlorate, sohtfions are allowed to react. 
It is very unstable, however. 15 , * 

Ferric chlorate, Fe(C10 3 ] 3 , is obtained when chlorine is # passed 

** Scarpa, Atti R. ficcad. Lincc^*\U\2, (5), *i, ii. 7^tf. 

^ Hinnchson and ftadtusel, Ztitsch. vhysikal. Cbm., > 0 i. SO, 81- 

3 Waltfen, lor. cit. • • * • • ( • 

4 Mb hr. Zeitsch. ply si leal. (Hhem.,r 1898, ^ 7 , 193; • 

u Herrmann, lot. cit. * 

6 Guyot, J. Chem. Soc., 1871 p 24 , 854. 

7 Greeff, Ber., 1&13, 46 , 2511., 

9 Ephraim and Weinbera, Ber?, 1909, 42 , 4447. 

» Ruff and Einbeck, Bet, 19(fo, 37 , 4513. 

10 Weber, J. pralct. Chem., 1859, 76 , 410. • 

11 See Scholtz, Be*, dent, pharm. (Us., 19Q8, 18 , 44. 

V Lefort, J. Pharm. Chim., 1869, (4), 10, 81. 

18 Roacoe, Annalen, 1862, 121 , 355. 

14 Sfrnlla*, Ann. Chim. Phys., 1831, (2), 46 , 305. 

11 W&chtgr, J.*pr^kt. Chem., 1843, 30 , 321. 
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through water containing hydrated ferric oxide in .suspension. Its 
heat of formation is given by Thomsen 1 as follows :— « 

^ 2[Fe(0H) 3 ]+6lIC10 3 *.Aq.+Aq. =jFe(C10 3 ) 3 .A<j.+82.ft4p calories. 

Oxychlorides. " Numerous basic- or oxy-ehloridc^ « iron have been 
described at various times, but iUts very doubtful if the chemist is 
justified in regarding these as separate chemical dhtities. 2 For example, 
Bechamp found that, on (Acidising ferrous chloride with nitric acid in 
the presence <g' a small,quantity of hydrochloW acid, an insoluble, 
yellow residue v^is obtained, »of composition uprrbgponding to the 
formula FcC1 3 .GFo 2 0.,. On treatment with water ti prdduet, ‘2Fe('l 3 . 
17Fc 2 0.>, Resulted, whilst addition ammonium hydroxide induced 
the formation .of a still more basiS, residue, namely FeCl 3 .72Fe 2 0 3 . 
Such precipitates are of little theoretical interest. , 

A crystalline oxychloride is obtained 3 when solutions of ferric 
chloride containing mit less than 80 per cent, of the*salt are heated in 
sealed tubes to 150°--IC()° C. in the presence of a few fragments of 
magnesium carbonate to neutralise the liberated hydrochloric acid. 
The crystals consist of lustrous rhombic prisms, reddish brown in colour, 
and of composit ion corresponding to tin? formula 2FcCI 3 .Fc 2 O i) .2F^(OH) 3 . 
These, ou contact with hot water,•retain their crystalline form, although 
they lose their fchlorinc as hydrogcu’chloridc, bqpig co^ivirtcd com¬ 
pletely into oxide corresponding in composition to Goethitc. • 

If, in "(he foregoing method <jf preparation, an 85 to 90 per cent, 
solution of ferric chloride is maintained at 225“ to 280° C. for some 
time, aS oxycMoride of composition FeCl 3 .Fe 2 0 3 is obtained as reddish 
brown lamella*, whilst between 800“ and 340“ C. lurge plates of brownish 
black 2J*'eCI 3 .3Fc 2 0 3 result . 

Upon heating anhydrous ferric chloride in a slow current of carbon 
dioxftle saturated with .water vapour, the oxychloride FeCI 3 .fe 2 0 3 is 
produced at 275° to 300“ V. in the form of reddish brown needles, 
whilst huger and darker needle-shaped crystals of 2FeCl 3 .8Fc 2 0 3 result 
if the temperatiye is raisqd to bet ween 350° and 400“ ( C. 


ikon And bromine. 

• 

Ferrous bromide, f'eBr 2 , may llg prepared in the anhydrous form*?, 
a yellow crystalline mass by heating iron t6 dull rddness in an atmo¬ 
sphere of bromine vapour. 1 * *' When the reaction is tomplete, the bromine 
is rejjkccd by carbon dioxide or air, heating being discontinued. The 
dry salt, is rapidly transferred to a glass, tube and hermetically scaled. 
It readily 'absorb* ammonia at. the ordinary tcmperatulo, yielding a 
white hexammoniate, 6 FeBr 2 .6NII 3 .' This dissociates on heitting, yield¬ 
ing a darker salt, tly dtomm'oniatr, FeBi- ? .2Nli ;1 ; whilst at higher 
temperatures the monammmiatt* FeBr 2 .NH 3 ,, is obtained as a dark 
prey mass. f , 


1 Uhomsen, T^ermochcmislry, translated AJy Burke (Longmans, 1908), p. 123. 

* See Pettenkofer, Reperlorxum Pharm ., 1892, (2jf, 41 ,289 ; B 6 charap, AnnlChim. Pkys., 
1859, (3), 57 , 29G ; Ordway, A/ner. J, Sci„ 1858, (2), 26 , 197 ; Phillips, Phil. Mag., 1833, 
(3), a. 75. 

* Rouweau, rend., 1890? no, 1032 ; 1891, 113 , 542; 1893, 116 , 18U. 

4 Berthemot, Chim. Phys., r 1830, (2), 44 , 391; Schcufeleh, Annalen, 1885, 231 , 

152. r * 

4 Ephraim, Btr., 1912, 45 , 1322. 



COMPOUNDS OF IRON, WITH HYDROGEN AND tfHE HALOGENS. 105 
The following data have been obtained 1 for these compounds :— 


» 


•\ • 

% 

• • 

t * * 
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X\ 

Dissociation 
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• 

FcBr.,.2NIl., , .♦ 

215 • 

11 -5 • 

21 0 


230 * 

23-5 

V-9 . 

.. 

ej 7. 

120 
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22 0 
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230 

• 0-7 
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Ul»5 
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On dissolving’in water and subsequent crystallisation in the cold, 
the liexulii/ilriilc, FcBi\,.0l l 2 (>, is obtained in bluish green, rhombic 
prisms. Tlie,same Salt may be yiore 'readily prepared by dissolving 
iron in hydrobrwmic acid. 

At 50°C. the salt loses two molecule^of water, yielding green,orystuls 
of the tetrahydrute, FeHr„. Hl, 0 . Upo» further heating more water is 
expelled. • • • 

lfoth the aqueous and alcoholic solutions of ferrous bromide absorb 
nitric oxide , 2 the limit of absorption being reached with one molecule of 
NO to each atom of iron. The compound Fclir.Jx’O has not been 
isolated. . ' — T 

Anhydrous ferrous bromide absorbs dry nitrdjjcn peroxidcTyiclding 
a stable compound. H;VBr 2 .N 0 2 , which retains its nitrogen peroxide 
even in vacuo. In the prcscnec.of moisture more peroxide is absorbed,* 
but the reaction is complex, bromine being evolved . 2 • 

Ferrous bromide unites with ethylene 4 ^md acetylene. 

The solubility of ferrous bromide in water is given as follows :— 6 

•TeRfltirature, e C. . -21 —7 +10 • 21 37 , 50 fi5 95 

Grams •t’etlr, in 100 * * 

grams solution . 47-0» 48-3 52-3 51^7 ati-0 58-0 59-4 63-3 

The heat of foyviution is ... 

[Fl‘fd-(Br 2 )+A(f.*=FeRr 2 .Afq. +78,070 calorics.* 

• • * 

A few double sifits with the bromides Af th 4 alkali nVtJds h*$c been 
prepared . 7 ’ . t • • , * , • 

Ferric bromide, Fel^r", results when iron is heated in excess of 

• 

1 Biltz and Hiittig, Zeitsch. anorg. Chem., lfH9, 109 , 89. • * 

• Thomas, <9ompt. rend., 1890, 123 , fi%3; * Bull. Hoc. chim., 1898, (3), 19 , 343, 41»{ 
Manchot, Ber., 1914, 47 , 1601. 

• Thomas, Compt. rend., 1897, 424 , 366. 

4 ChofnacM, Zeitsch. Chem., 1863, 6 . 419. 

6 Etard, Ann. Chim. Phys., 1894, (7), 2 , 603. 

• Thonsed, Thermochemistry, translated by Burke (Longmans, 1908), p. 318. 

7 Walden, ZeUecfi. anorg. Chem u, 1894, 7 , 331. 1 
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# • # « 

bromine vapour, when ferrous bromide is heated from to 200® C. 
with twice its weight of bromine , 1 and when sulphur nionobromide, 
SjBr 2 , is passed over ferric oxide 2 at 450° to 650° C.l It is a dark red, 
crystalline but deliquescent substi*nce, yielding*a resolution in water. 
At boiling-point the solution dissociates to ferrous* bromide and .free 
bromine . 11 On hunting away ffm\ air ferric bretnide partly sublimes 
and partly dissociates. Wljerj dry the %alt is reduced by nitric oxide 
with the formation of fcAous and nitrosyl brogydes . 4 

The aqueous, solution upon concentration in the ordinary way 
decomposes with the precipitation of insoluble l*asi‘c»bromidcs. * 

The he.rahydrnte, FeBr 3 .Glf 2 0, separates as dafk green needles when 
the dark brown solution obtained fcy the action of bromine under water 
is sightly evaporated and concentrated in a desiccator over sulphuric 
acid. It. is soluble in alcohol and cthqr, and melts at 27° C# without 
decomposition . 6 • 

The heat of fortwation * is 

« 

| Fc] | (Br : i) | Aq. -?FcBr.,.Aq. | 100,050 calorics. 

Double salts with tile bromides of ammonium and the alkali metals 
have been obtained . 7 These may be grouped into two classes, lfamcly :— 

* * 

Trlrnbro infer rules, M Fcl Ir t . 

Ammonium tetrabromfe/rate, NH 4 FeHr 1 .2II.,0, and Caesium 
tetrabromferrate, (sFcBr.,, being the best-known salts ; 


I’eiilabromferrates, M 2 FeHr r ,. 

Cxvlu-.n pentabromferrate, Cs 2 FeIlr r ,.Il 2 0. 

Rubidium pdntabtom ferrate, Bb 2 FeBr r ,.H 2 0. 

• , 

Farlc chloro-bromide, 8 Fc(’l 2 Br, is obtained ns an unstable crystal¬ 
line substance by heating ferroun chloride and excess bromine in scaled 
tubes at 100° C. 'The crystals are dark coloured and lustrous, appear¬ 
ing green by reflected light and quite opaque, even in thin sections. 
Although insoluble in bromino„they readily dissolve in water, ether, or 
alcohol, their solubility in cthef rendering easy,their separatioriTroih 
ferrous chloride. Th«. crystals readily dccopiposc on warming, but 
sublime unchanged if heatfd in a tuba containing a slight exqpss of 
bromine.' , ’ 

Ferrous bromate, Fc(BrO s b, is obtained in regqjar octaliedra on 
dissolving ferrous car lx mate in promic acftl and concenfrating in vacuo. 

Ferric bromate results ,as a, syrupy liquid cyi dissolving freshly 
precipitated 1 ferric ^hydroxide ,in *djlute lrromic acid and concentrating 
»« vacub. * 1 • 

r 

1 Scheufelen, Annates, 1885, 231 , 16?. 

* * Bnrre.'ifuli. Soc. chim., 1912, (4), ft. 432. 

* de Koninck, Zeitsch. angew. Chem., 1889, p. 149. 

4 Thomas, Compt. revJL, 1897, 124, 366. 

5 Bolschakoff, J. Russ. Chim. Soc., 1898, 30, 386 $ Chem. Zentr ., 1898. II. t €60. 

• Berthelot* &*> Moissan, Z'raiti de Chimie Mintrale, 19Q0, iv., p.-338. 

7 Walden* Zeitsch. anorg. Ckem. r 1894, 7, 331; Amer. J. Sci. t 1894, (3), 48, 283; 
Pfeiffor,*6»4,1902,31, 231. ^ 

' 6 I^orm&nd, Compt. rend., 1893, 116, 820. 
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Oxybromides $re described by Bfehamp 1 and Ordway,’ but are 
•probably not separate chemical entities. 

* \ Iron and Iiodine. 

Ferrous iodide, h\l 2 , is obtainec^when the constituent elements^ 
arc allowed to react in the presence of miter, heat, being evolved 3 when 
iron filings are triturated with iodine; artd*by*heating iron filings in a 
crucible *o vv|jieh snial5*quantities of iodine are eontimyilly added. 
When the inass reaches a red heat, excess of iodine i5 jidded and the 
whole heated until iodine vapour ceases tp escape. On cooling, a grey 
crystalline mass is obtained, which melts at 177" t'. 4 Ferrous*iodide* 
also results when clean iron wire ejjpptngs are heated in pitriwen^gas 
saturated^with iodine vapour? The salt is formed as deep red plates 
which appear almost black when thick. It js very deliquescent, but 
when kept.in a desiccator turns white and subsequently evolves iodine, 
becoming grey or black. The twhitc compound is believed to be the 
dihydrate, 6 FeIj.2H 2 0. The anhydrous salt readily absorbs ammonia, 
forming the hexanpnoniate, FeI 2 .6NII 3 , as a voluminous powder. 7 It 
is decomposed by water, und ( is (tmvcrtM by bromine vapour into 
ferric broTnide, ammonium bromide, and ammonium bromo-iodo- 
bromidc, NlI 4 J)r.IHr. % • * 

When heated, 1 'the hexammoniate yields the diammoniate, FcI 3 .2NII 3 . 
No monammoniatc has as yet been* obtained. The dissociation 
pressures and heats of dissociation of tfic two compounds have been 
determined as follow : —* ’ 


• 

Temperature. 

°C. 

Dissociation 
Pressure. * 

mr^ • 

Heat <4 

Cals. * 

0 

FeI 2 .6NH 3 

• ir»u 

• 

200 

• 

16-5 

» 

FeI 2 .2NU 3 

215 

. 61 s - 

22-5 


231 

* 121 , 

22-6 

• »» 

278 ,* 

85 -i 

22-8 

• • 

* 




• 

Ai*aqueous solution of ferrdU.s iodide is reailily t prepared by,warming 
iron filings and iodyie together in water, when a colourless solution is 
obtained. This, iiowcvcr, is_,not*stablr* in air, as it qjisorbs ®xygcn, 
liberating free iodine. If a littje sugar* be added to the clear solution, 
rxidation is retarded, and the crystalline pmtaljydrate, F'J^.SlFf^ may 

be isolated. • , * , * • . • 

• , 

1 B 6 champ, Ann. Chim. Phy\, 1859, (3), 57 f 296. 

# Ordway, Amer. J. Set., 1859,1(2), 26 , 197. 

* Fleury, J. Pharm., 1887, (5), 16 , 529 ; also^his volume, p. 52. • * 

4 Oariue andWanklyn, Annalen, 1861f 120 , 69. Soe also Thomson, Compl. rend. t 
862, 55 , 615. * 

4 C. L. Jackson and Derby, A me* Chem. J., 1900, 24 , 15. 

1 A dihydratfe was also mentioned by Lescoaur, Ann. Cjtm. Phys., ^894, (7), 2 , 78. 

'J Compare ferrous chloride and bromide, pp. 91, 105. • 

r * Bill® and Hottig, Zeitech. anorg. Chem ., 1919, 109 ,89. Compare Ephraim, Naiuncis*., 
919, 7, 49; Chem.Zlnir., 1919,rf., 409. 
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A solution containing ferrous iodide and waters jn th^ proportion of 
1 to 8’5 molecules respectively, deposits a deliquescent hexahydrate, 
FcIj.OIIjO, at -10,° This, on warming to +8°1\, yields the tetra- 
hydrate, Felj. ll !_>(). The nunuhydrnte ,' Fel^OHjCl, rfnd monohydrate, t 
FcIj.IIjO, are.also stated to exit.. , • . 

# Ferric iodld*, Fcl 3 , has noUrfs yet been prepared, b|*t the possibility 
of its cxistemy is perhapj indicated by the fact that hydrated ferric 
oxide dissolves in hyditodic acid, yielding a brown solution. 

Two ferrous per-lpdates are described by Kimmins, 3 uamcfyFe 5 (I0 6 ) 2 
and FeU 3 (K^|J. The former is a brick-red (Cr/sjalline salt produced 
on adding ferrous sulphate 4o a solution of K,I‘/) 9 . ’FelI ;! (I0 6 ) results 

* as a Bght brown powder on adding a solution of Na„Il 3 10„ to ferrous 

sujplujjtc. , •• , 

Two ferric per-iodates have been, prepared, 3 namely F<iIII 2 0 # and 
Fe(I0 4 ) 3 . The former is obtained by drying at 100° l'. the light brown 
precipitate resulting from the interaction of solutions of fejrie chloride 
and N T a 2 II.,IO (1 . It is also farmed wl*n K 4 I 2 0 9 is used instead of the 
sodium salt. It is a reddish-brown* powder, stable*towards boiling 
dilute nitric acid. With concentrated nitric acid, however, Fe(IO,) 3 is 
formed as a bright yellow powder.* , # 

Ferrous iodate. - On addition of potassium inflate to ferrous sulphate 
solution, a flalc yellow precipitatt' is obtained; eonidstfng probably of 
ferrous iodate. 1 • 

Fftrric iodate, Fe 2 0.,.I 2 0,^ is obtained as a brown precipitate 5 on , 
mixing hot. solut ions of an alkali iodate and a ferric salt. Small crystals 
ma*y be prepared by addition of an acid solution of iron in nitric acid 
to sodium iodate. The precipitate first formed readily dissolves, and 
upqn concentration of the solution tin* salt crystallises out. It is stable 
in, air nkvihnaTY temperatures, but decomposes when heated. 

' * -% 

1 Volkinann, Russ. I'luj.i. Chew. & 'or., 1894, I, 239. 
a Lt'Hrti'ur, lor. nt. • 

1 Kinimin.s, Trans. Chnn Sq/r., 1889, 55 . 148. 

‘ Hamm#Isl>rrg, Poijijt Annalm, 1838, 44 , f^>9 
5 l^tto, J««. Chun. Phys. t 1890, (0), 21 , 157. 





, CHAPTER VII. 

IRON AND THE ELEMENTS*OF GROUP VI. 

t ** * 

, IRON AJfl) OXYGEN. 

Ferrous oxide, FeO, does not, occur lire in nature on account of (lie 
case with which it absorbs oxjjgcn, yielding ferric*oxide. It is ex¬ 
ceedingly difficult to prepare in u pure shite. It, results m a more or 
less impure condition when ferric oxide is heated to ;i 0 <)° ('. in a current 
of hydrogen, and R then pyrophoric, humming incandescent upon 
exposure ti*nir, and reverting tolts originaj ferric condition. After keep¬ 
ing in an atmosphere hf liydrdgen fpr some twelve hours, however, it 
loses this prop<J't\« This method of preparation is not altogether satis¬ 
factory, however, since the product is limbic to be contaminated*with 
* ferroso-ferric oxide, l'V, 0 4 . Moissnn 1 obtifined a fairly pure product on 
heating ferric oxide in hydrogen for twenty minutes at about*500° (♦. * 

A better method consists in reducing ferric oxide in a current of 
pure, dry carbon monoxide at 500" or with a mixture of equal 
parts of carbon monoxide and dioxide at red heat . 2 * 

When hydrogen mixed with water \apour is jiassqd over Jic'iitCu* 
^ferric oxide, ferrous oxide is formed in increasing amount with flse of 
temperature . 3 Thus at 7,00" ( . the product contains 85 per cent, of 
F'cO, and at 800° C. some 02 per, cent. FeO. Perfectly pure ferrous 
oxide is not obtained, however, even at*l 100 " C. * Neither floes it seem 
possible to obtain the pure oxide from reduced iron b^oxidation with 
a mixture of steam and hydrogen. 

ljrrous oxide is also formed, together with metallic iron, when 
fctrou3*jxalate is heated to 150 " and allovfcd to cool in an 

atmosphere of carbon diojddc . 4 To avoid separation of carbon or the 
formation of iron carbide, it is* advantageous to heat ferrous,oxalate* 
gradually up to 520,' in a current of nitrogen . 5 The temperature fs 
finally raised to igbout 900" The product is grey ip colour, and 
dissolves complijfely in hydrochloric acid, cvolvingMiydrogen, indicating 
the presence of some free iron. ,Metallic iron may he oxidtyj to frfrous 
oxide by ignition in carbon mopoxidept 1000 " ^ . “; dr by heating with 
ferric oxide, according to the* reaction : — 7 

A* 2 0 3 + Fe = ^FeO. 

1 Moissan, Confyt. rend., 1877, 84 , 1296. • 

* Debray, Compt. rend., 1857, 45 , 1018. « 

* * Hilpert and lieyer, Btr., 1911, 44 , 1008. » 

4 Liebig* Anr&len, 1855, 95 , 110 ; Moiasan, Ann. Chm.J’hya., 1880,#(5)f 21 , 199- 

1 Mixter, Amer. V. Sci., 1913, (4), 36 , 55. * 

* Ti wuidifo r, VompL rend., 187 2, 74 , 531. 

* Mill t, Patentblatt, tj, 362. » 

% • 
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* IRON AND ITS COMPOtJ^DS. 

I I • , . ■. 

When nitrous oxide is passed over iron at 200 4 -& feyous oxide is 
produced, 1 and also when iron is heated in steam to 8 f0° C.* 

Iron amalgam yields ferrous oxide upon slow oxi/ation by exposure 
to air. 3 . f * / * 

According to Moissait, 1 ferrols oxide can exist In two polymorphic 
.modifications, according as it produced at high or atrlower tempera¬ 
tures. The vaycty obtuin«d,at the loWer temperatures, namely below 
600° C., is more chemically reactive, uniting wjjh oxygen, upon exposure 
to air, with such rapidity that the whole nu&s becomes incandescent. 
It decomposes*water, slowly*in the cold but with Vsmsiderable rapidity 
^at the^boiling-point. It is r«adily soluble even in dilute acids, such as 
acetic acid, and easily displace^auynonia from its salts. 

«Whrn obtained at 1000° C., efi* if heated to this temperature after 
production at lower temperatures, ferrous oxide is no longer pyrophoric; 
it does not decompose witter, neither is it soluble in dilute acetic acid. 

llotii varieties**1 ferrous oxide are reduced bt hydrogen^gas to the 
free metal. If the oxide has not previously been heated above 400° C. 
the reaction begins at about 280° C.; but if it has 6cen previously 
heated to about 1200 C., jt cannot be reduced hv hydrouen below 
380° C. 6 * . j b 

I lie foregoing observations, however,.do liot/iceessariJy prove that 
two polymorphic forms of ferrous oxide cart exist. *Thc observed 
chemical differences may well be due to the variation fli the state of 
subdivision ol the oxide, lli/t produced at I lie lower temperatures 
(jemg the ipore finely subdivided. 

Ferrous oxide is reduced to metallic iron at 850° (’, by a mixture of 
carbon monoxide and dioxide in the proportion of 10 parts CO to 4 
part* CO,.* 

j.-ttvWrvwrdis'Silveci in carbon tetrachloride, reacts even^t -18° C. 
with Violence ifpoiUcrrous oxide, yielding ferric oxide and chloride. 7 
imis : - 

• *0FeO |-8(T,~2Fc 2 Q s -f 2FeCl 3 . 


I errous oxidejlissolves in acids to yield well-defined series of ferrous 
salts which art' pretty st^Wc when dry or present in acid solution, but 
readily oxidise, m moist air and in neutral or alkaline solution. They 
are usually colourless or pale given. , 

Ferrous oxide obtained by slow reduction of ferric oxide in hydrogen 
at. 800 t . readily reacts with sulphur dioxide on warming, the mass 
booming incandescent. Clouds of sulphur and sulphur dioxi&e are 
evolved, a solid residue ot sulphide atpl oxide remartiin*.. 3 

Whfcn terrors oxidp is heat A] with pu'rt? forms of eSrbon, no reaction 
takes,ploee < below 050“ C. Abbve this temperature reduction occurs, 
but th<? ratu eft rcaptioir dcpends'greatly'upon the Vnode of preparation 
of the,carbon. Thus sugar‘charcoal is 1 qelatively'inert, a vigorous 


1 Sabatier and Senderens, Compt. rend., 1892, 114 , 9429 . 

* 1 Friend, J. IPs! Scotland Iron Stef 1*1 net., 1910, 17 , GO. 

* F£rte, Bull. Soc. chtm., lilOO, (3), 25 , (v 1 if. « 

* Moisaan, Ann. Chin. Phyt., 1880, (5), 21 , 199; Trail)i de. Chimie MirUrale, 1908, 

iv. 340. , , 

* Hilpert, As-., ,1909, 42 , 4bJ5. Compare Glaser, Zeittch. anorg. Ghent., 19q5, 36 ,1. 

* Akermalin and Sftrnstrom, Dingl. Poly. J., 1883, 248 , 291. 

’ Miohael and Murphy, jun., .4mer. Chtm. J,, 1910, 44 , 366. 

v * fJ^mmSok, front. Chtm. Soc., 1917, m, 379. * 
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reduction tfct taking place until about 800° C. Carbon 
burning acetylene in chlorine reacts vigorously at 650° C. 1 
The heat of formation of ferrous \xide is as follows :• 

* t« e ]4-f0) =[FeO] 

[FeJ+(0) = [FeO] 

and at 680° C. Und unSer^onstant preswlre, 

• [Fc] + (fi)=[FeO] +- 67,350 calorics. 1 

. Ferrous hydroxgfe, *’e(01I)„ may bc.obtamcd in* *lie crystalline 
form as green hexagonal prisms by deposition from sodium hy^oxido 
solution. Even after washing wit 1 l alcohol and ether and (Irvine out* 

«<? u . ■.. i- , i 


T- 

] h4»M 
J 


600 calories, 2 
300 Alories, 3 


of contact with air, the prises oxilfce immediately they <ire*hrought 
into contact with oxygen, developing considerable heat and yielding 
a residue of ferric oxide. 5 • 

In thc^uinorphouw condition ferrous hydroxide is'usually prepared 
as a white precipitate by addition of stylium or potassium hydroxide 
■ to a solution df a ferrous salt m the complete absence of air." The 
precipitate is washed in an atmosphere of lytrogen and dried with ether. 
If air is present, the precipitate asstlmcs a green colour which becomes 
greenish black in consequence of the formation of hydrated magnetic 
oxide, and ultimately twrn.s brown dwiug to further oxidation to ferric 
hydroxide. • 

If, however, after precipitation, theVupcrnatant, mother liquor is 
poured off and solid potassium hydroxide is added to the residue.the 
ferrous hydroxide shrinks in volume to a greenish grey pulverulent 
precipitate which is considerably more stable, and oxidises in air direct 
to ferric hydroxide without the intermediate formation of magnetic 

Such ferYous hydroxide suspended in potassium hydroxide Solution 
is slojvly oxidised by nitric oxide to ferric hydroxide, the nitric oxide 
being largely converted itito ammonia. 7 * 

Ferrous hydroxide is not completely precipitated from solutions of 
ferrous salts by ammonium hydroxide in the presence of ammonium 
chloride. • 


As ordinarily prepared, ferrous hydroxide undergoes Oxidation upon 
c*p8si»re to moist air with such rapiditjaas to bceoim»incaiide.sccnt. It 
readily dissolves in dililte acids yielding ferrous s»U-s. 

Towards iodic acid anU the t saltx of xueh»readily reducible metals a* 
inereuYy and platinum, ferrous hydroxide acts astt reducing agent. <t 
can even decompost; wutcr, slowly in the cold but more rapidly on 
boiling, 8 the solution becoming turbid in ?iir,” and possessing a distinctly 
ferruginous taste. Solutions of*the alleali hydroxides readily dissolve 
ferrous hydroxide ^ even ammdnium hydroxide imts similatly, an<3 in tly^ 

• " 4 * • 

• 1 Falcke, Zeilsch. Elektrochem, 1915, 21 , 37 ; Ber., 1913, 46 , 743. 

* Le Chatelier, Compt. rend., l$05, 120 , 024* Seo also Iiuff and Gerston, Ber., 1913, 

46 ,394. % , 

* Mixter, Amef. J. Sci ., 1913, (4), 36 , 55* 

* B&ur and Glaesaner, Zeitsch. physikal. Chem., 1903, 43 , 354, 

* de Sohulten, Compt. rend., 1889. log, 260. . 

* SchmWt, Afnalen, 1840, 36 , 101. * 

* Dnws and Haga, Trans. Chem. Soc., 1885, 47 , 364. # * 

' • Liebig andiWtihler, Pogg. Annalen, 1831, 21 , 582. 

."I • Jr! -4 — * 
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' IRON AND ITS COMPOOI^pS. 1 

presence of air or oxygen the ^rrous hydroxide is .rapidly'coaverted 
by this means into hydrated ferric/oxide. The heat|of forrflation t>f 
ferrous hydroxide is given as follow/:—* , 

[Fe]+(0)+lI J 0=[F(/oiI),]+68 ) 28o calorie's. 

• The dilii/drate'Vv 0.211,0, lv'T been found t in«clay n,ar Cuxhaven, 
in a more or less impure forn, as hard, Yellowish-brown lumps, which 
crumble upon exposure to air. 2 * „ f , 

Ferroso-ftrric. oxidfc, Triferric tetroxide, Magnetite,' or Magnetic 
oxide of iron, re,0 4 , occurs 'in nature as the ‘mineral magnetite (se5 
p. 12 ) urd may be regarded as°a compound of ferrous oxide and ferric 
oxide, namely FeO.FejO,, or as pliGdcrrous salt of hypothetical meta- 
ferrofos jfcid, namely FeFe.,0,. It lias a hlstck, metallic appearance, and 
crystallises in octahedra and dodecahcdfa, of hardness 5-5 todi-5, and 
density approximately tlfto 5-2. It was first recognised as a definite 
oxide of iron by Gay-Lussac, 2 who obtained it by the action o fed cam on 
iron. As its name would appear to imply*, magnetite possesses magnetic 
properties, being attracted by a magnet. It is quite possible, however, 
that the name of the ore does not really refer to tHV magnet, but to 
Magnesia, a town in Lydia, Asia Minor, where the ore was li»;t found. 
In the laboratory the oxide may be obtained iie a variety of ways. 
Thus, when iron is heated in steam to upwards oi H20°rC' 4 it becomes 
covered with a skin of magnetic^ oxide, the layers underneath consisting 
of various amounts of ferrous oxide associated with magnetic oxide in 
solid eolation. If the iron is in the form of very thin plates, these 
may, by prolonged heating in the steam, be converted completely into 
the higher oxide. 

Magnetic oxijjj; also occurs as a superficial layer when iron is heated 
tOt'uuuTedilhSs*m air -that is, at a temperature of 625° to 050° C. The 
oxide beneath the ofltermost skin has the composition 5 * represented 
by the formula Fc.,0, .rFcO. 

Wlien ferric oxide is maintained at 1500" C. in nitrogen 11 or at very 
high temperatures in air, such as those obtaining in the electric furnace, 
it is reduced to magnetite, for which reason it is possible, though scarcely 
profitable, to apply magnetic concentration to haematites at high tem¬ 
peratures. 7 When iron burns in oxygen, the magnetic oxide is produced, 
and also when ferric oxide is heated to 40<|° C. in ^current of hydftgen 
saturated with water vapour at 30° to 50° l'. 8 * c At higher temperatures 
products increasingly rich in‘ferrous oxide are obtained. Thus :—, 

k 700° V.85 per cent.«FeO. 

" 800° c.. ( . ". .’ oa „ «!,. 

On hefttpig reejeeed iroi^ in carbon dioxide at 140° ail'd by reducing 
ferric oxide by hydrogen' or carbon monoxide at 500° Moissan has 
been abFe to obtain the mUgnetic oxide* 

1 Thomsen, Thermochemistry, tnin sift ted by Burke (Longmans, 1908), p. 265. 

<• Hart, Ckem. ZctL, 1908, 32 , 746. / 

8 Gay Lussac, Ann. Chim. Phy w., 1811, (l),Oo, 1611 ; 1816, (2), 1 , 33. a 

4 Friend, Hull, and Brown, Trans, ('hem. Boc ., 1911, 99 , 969. 

5 See Mosander, Pogg. Ann^len, 1826, 6 , 35. , 

• Mllgge, Jahrb. Min. BeUA'Band, 1911, 32 , 491. See also Sidot, Comfit. rekd., 1869, 

69 , 201 . 0 

’ See this volume, Part 111. 

and Beyer, Bcr., 1911, 44 , 1608. 
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obtained in a variety of ways, 
mate and ferrous chloride 1 ; by 
m phospha 1 ; 2 ; by the action of 
ms oxide 3 ; and.by ignition of 

• 

-^of sodium chloride for several 


hours ferric oxide is eonVcrted into black .crystals of piagnetic oxide. 1 
Pure iron wire, heated to 1200° C. in a eufrcnl of carbon dioxide, 
yields crystalline magnetic oxide, the crystals, frequently exhibiting 
magnetic polarity.,’Tine presence of moisture facilitate* the formation 
of larger crystals. 6 * • , 

When iron wire is subjected to pronged fusion with sodium sulphate? 
it is converted into magnetite, the Afciium sulphate acting.catulytigally 
being fir*t reduced to sulpliil* and re-oxidised to sulphate by the 
oxygen of the atmosphere. 7 Ferrous sulphide may be oxidised to 
magnetite* in a similar manner. As obtained ia'this manner, the 
crystalline magnetic oxide eIo*Iy resembles the natural product. Its 
crystals are opaque, magnetic oetahedra, possessed of a metallic lustre. 
Hardness 0 to 6-5 p density, 5-21 to 5-25. t The crystals are not affected 
by steanyor carbon dioxide at bright red heat, are not attacked by 
diluted nuneraj acids, and are but slowly dissolved by the concentrated 
acids or aqua regia. • 

Ordinary ftiaguctic oxide of iron mells at 1527° C. 8 Its specific heat 
is 0T6.55. 8 When heated with platinuV to 1000° C. in contact with 
air, magnetic oxide is reduced to the metal, oxygen being evolve^, t|je 
iron passing into solid solution in the platinum. 10 Under low oxygen 
pressures reduction in the above manner can lake place at 1400° C. 
When heated in air for a prolonged period at 1300“ ('., the oxjdc is 
almost completely converted into ferric oxide. 11 AtTrw*bwU 1 e 

reversible reaction ..... . • *. 

fl e 3 0 4 + 0 2 - GeiA),. 

• , 

magnetic oxide has no pbrceptible dissociation pressure at 1350° C. 12 . 

It does not react appreciably'with sulphur dioxide at dull redness. 12 
Raised to white heat in a current of hydrogen sulphide, it yields ferrous 
sulphide, accompanied by the evolution o> hydrogen, Sulphur dioxide, 
and a little sulphur trioxide. 14 » 

• •When placed in freshly-fused potassium hydrogen sulphate, a crystal 
of magnetite is only ‘slight ly‘attacked ; but qt, a higher temperature 
there is an energetic action. t • , 

Hydrogen reduces magnetic oxide to the metal,^the reaction being 
perceptible at 805 08 C. 1S . , 

• * • * • 

1 Liebig ami Wohler. Toijg. Anngkn, 1831s 21 , 382, 4 • 

1 Debray, Compt.fend., 1861, 52 , 086. j Delray, And., 8801, 53 , Itft. 

* Deville and f^iron, ibid., 1838. 46 , 764.* 1 * 

‘ Thompson, Tram. Ceramic Hoc, 1918 , 17 . (2), 3-IU. 

8 Donau, Monatsk., 1904, 25 , 181. 

I Gorgeu, Compt. rend., 18JJ7, 104 , 1174.* 

8 Hilpeit and Kohlmeyer, Her., 1909, 42 .VR 81 . 

• Abt, Wipi. AnnaUn, 1897, (2), 62 , 474 . 

18 Sosman and Hostetter, J. Washington Acad. Sa., 1915, 5 , 293. 

II Honda and Sene, Sci. Hep. J'ohokn Imp. Uu 1914, 3 , 223. 

“ Waldo*, d. Amer. Chem. Soc., 1908, 30 , 1350. « 

u Hammiok, Tram. Chem. Soc., 1917, ru, 379. 8 

** Ga^itn e Compt, rend., 1906, 143 , 7. 

u Glaser, Zeitsdh. anorg. <J hem., 1903, 36 , 1. 

von. ix.: n. • * 
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Magnetic oxide dissolves ijf hydrochloric aJjid. .If the 1. — _ 
present in sufficient quantity to. weld a complete solution of ferror 
and ferric chlorides, ferric oxide a/d ferrous ehloride%re produced. 
The heats of formation of magnetite are a%follo^ t-*- * 

' ( ,‘l|Fc 3 8 0 3 ]-=2[lV 3 0 1 J+(0)-45*llo calories. 1 • 

f (calcined) J■'' r 6 / 

, 3|FeJ ! -1(0) f - | Fo 3 0 4 J -f 265,200 calories. 2 
3|Fe| +®4(0) — |Fe 3 0 4 ] | 2(15,700 calories. 3 
* | F<;01 | )Fe 2 0. t | = [Fe 3 0 4 1 f 9200 calories. 3 - 
r 3|FeO] i (Of- | Fcj() 4 | -1- 85.800' calorie}. 4 
r Jlj FeO j ( (0)t=|Fe 3 0 4 | 1 75,000 calories. 1 

3|FeC0 3 | f(0)=y-’«jP 4 | fSCOjj \ 0 calories. 1 

f (■ , ** tt 

and at 490'’ C. under constant pressure, 5 


:tJFe| \ 1.(0)—IFc- a O,|-|--207,380 calories. 

According to Moissan," magnetic „oxide of iron exists in two 
polymorphic forms, according to its method of preparation. The one 
form, obtained by high temperature methods, such a:, the combustion of 
iron in oxygen, the action of steam on iron at red heat and the 
calcination of, ferric oxide at 'bright red heat, is characterised by its 
insolubility in concentrated boiling nitric acid, by its’high density 
(5 to 5 09). and by its resistance to further oxidation when heated 
in air. < 

- The secpiid variety resembles the former in its black appearance 
and magnetic properties, but differs from it in density (4-80), in its 
solubility in nitric acid, and in its tendency to oxidise to ferric oxide 
whenrcaleined in air. It is convcitcd into the other variety when raised 
to. 'Hhite-l'.ratdhfnitrogen. As explained in the ease of ferrous oxide, 
however , 1 these Differences may simply be due to variations in the 
states of aggregation yf the oxide, according to its method of preparation. 

Several substances* such as 4Fc0.Fc 2 0.,, 7 8 3FeO.Fe,O a , 8 etc.,” have 
been described. It is highly probable, however, that these arc not 
definite chemical entities. 

When ferroso-fcrric arvmi'onium carbonate (see p. 202 ) is decomposed 
by a hot concentrated solution „of potassium hydroxide in the absence 
of air, hydrated ferroso-fcrric oxide separates out. wliich, when dried at 
100° C., corresponds in composition to the formula J'e 2 0 3 .4FcCf.5H 2 6. 
It is readily acted on with airf yielding hydrated ferric oxide, Fe,O s .^J t O. M 

»A bluish black oxide, corresponding in composition to 2Fc0.3he 2 0 3 , 
is described 11 as resulting when potassium nitrate is added to a boiling 
solution of femftis sulphate rendered alkafinc with ammonia. 

I Le CWtelrFr.* m,V.. tsfts, 120, 023. 1 

1,8 Hull and Gtlrsten, Her., lft’2, 4 ^, 63. f _ 

8 Mixter, Amer. J. Xn., 1913, (4), 36 , 05. Compare Berthelot, Com pi. rend,, 1881, 1 
92, 17. 1 

* Hull find Uersten, Bcr., 1913, 46 , 394. 

° 8 llaur and Glaesaner, Zeilach. physical. Ohnn., 1903, 43 , 354. 

• Moissan, opua cit., p. 342 ; .4 nn Chim. I hye., 1880, (5), 21 , 199. 

7 Bertliier, Ann. Chim. Phya., 1824, (2), 27 , 19. 

, 8 Doebereiner, Arch. Phartt., 1845, (2), 41 , 29. v V 

8 See Moa^der , 1 loc. cil. ; Laurent and Holms, Ann Chim. Phya., 1836, (2), Jo, 330. 

>• Hauser, Ber., 1907, 40 , 1968. r 

II Kaulmans, Zeilach. Bleklrochcm., 1901, 7, 733. 0 
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Magnetic? Oxide.-— Ikagiwtic oxide dissolves in. hydro¬ 


chloric acid, and the solution so fcbtained yields, on pouring into an 
excess of sodium hydroxide soluiym. a black .precipitate which, on 
drying, is attrtictcd by*a magnet, jt is the monohydrat/e, Fc 3 0 4 .H,0. 

Jhe sesqui-hyArqte, 2Fc 3 0 4 .8HjO, is obV>ined by .precipitation in 
an analogous mmmej from mixed solutions of fernnis and ferric salts 
in the proportions theoretically required . 1 The precipitate is dark 
green to black in coloyj-, and strongly magnetic . 2 It maybe washed 
in thc'presenee of air without oxidising, and l" s <'s water only, on 
heating. • • *« 

Ferric oxide’, Iron*sesqui-oxide, Fc,0.< oeetirs in abundant quantities 
in nature, both in the massive and crystalline forms, the former beilfjg 
known as red hwmalites, whilst #ltc latter are termed,.vpe<»drtr # iron 
(see p. V>) when the crystals .are rhombohedra and scalonohedra, or 
micaceous iron when in thin translueent sealed 

In thHuboratorjsferrio oxide may be obtained«ih a variety of ways. 
Thus when ferric hydroxide or sulphate is strongly heated ferric oxide 
remains behifld, and the same applies if IVrrie chloride or sulphide, 
ferrous oxide or carbonate, or indeed the majority of ferrous salts , 3 are 
heated iigcontaot with air. Several of these methods are adopted on a 
manufacturing scale. For example, in tin: manufacture of sulphuric acid 4 
iron pyrites is trusted-in air, leaviifg a residue of ferric oxide. Thus: - 


' 2FeSj | ltO=4SQ 2 | Fe/),,. * 

Ferric oxide is manufactured in large quantities for use qs a pigment 
by roasting ferrous sulphate obtained by weathering iron pyrites, as 
described on page 1 17. 

Ferric oxide is also prepared from liquors containing ferric salts 
in solutiou^and which arc otherwise waste products in many i..t/..u!V. , tiir- 
ing processes. If ferrous salts are present, they are*first oxidised by 
addition of nitric acid or bleaching powder. Tjje acid is neutralised 
by addition of soda or lime, ferric hydroxide being precipitated. Tho. 
washed product is •finally dehydrated by hunt, becoming perfectly 
anhydrous at 500° C. upwards. 6 

Ferric oxide, in a more or less inqmrf qpudition, 'is manufactured 
for pigmentary purposes by the ignitjon of natural ferric hydroxides 
*such*as ochres (see y. IS). ,The eolftur of the lii*il product" depends, 
largely upon the completeness with which the water has been expelled. 11 
Thug Venetian red* arc produced after itfhition at dull red heat for 
some eight hours; ten hours’heating yields light'redf; twc*lvc # hours^the 
so-called Indian fefts; and so on^ # % 

Crystalline'Ferric Oxide.*- Small crystals ferritj oxide may be 
obtained by fusing^morphous*ferric oxid^ with sodiunj berate (borax), 
and extracting tl\pm from the* cooled friars witffthe aid of jfSIute # aqueyu$ 

. • * * * • • 

1 Liebig and Wohler, Pogg. ^nnalen, 1831, 21 , 583 ; Lofort, Compt. rend., 1852, 34 , 488. 

2 See Preuss, Annalen, 1838, 36 , 98 ; Wohrer, ibid., 1838, 28 , 92. ® 

* i.e. salts whose acids arc volatile at high t&npemtures. # • 

4 See this series, Volume VII. • 

8 CarneUey and J. Walker, Tram. Ohem. Hoc., 1888, 53 , 89* 

4 The action of heat on ochres %nd the production of aUotropic forms has been studied 
by BouchonneJ Bull. Hoc. chim., 1912, (4), IX, 6 ; 1911, m, 9 , 345. # . 

7 See A Treatise on Colour Manufacture, by Zerr and Kubenkarap. fTranafated by 
C. Mayer {ChAa. Griffin & Co., 1908); also Bradford, Proc. Paint Varnish 80 c.. 1920. 

No. 3, p. 135. 
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nitric or hydrochloric acid. 1 P«£sag/ of gaseous' hydiogen (^loride-dve 
the ferric oxide 2 * at red heat; of dteam containing some ammoniac 
fluoride over the o*ide at 600° K.‘; of ammonimn chloride' ove 
ferric oxide at,700° C. 4 ; or of vaporised ferrjc chlfcride over heatc< 
lime, results in the forpiation pf small crystals*' of ferric o$ide 
Crystals have hem found, produced by the first.of the^e methods, ii 
iron pipes which liavc for n^iny years conducted alternately hydrogel 
chloride and air in a pKmt connected with Deacon’s process for th< 
manufacture, of chloripe. 3 * Crystals have also -been found as products 
of smelting operations, whilst* crystals having the fbjm of specular iror 
have been found in iron rush from a building seven hundred to eighi 
hundred years old. 8 By hcating,mixed solutions of the sulphates ol 
copper ipid irpn (ferrous) in sealed rilbes to, 210° C. for ten hours, crystals 
resembling those of micaceous iron are produced. 7 When ferric,.sulphate 
is heated, it decomposes* yielding hexagonal lamella' of ferric oxide, 
having a density iff,4-95 at 14° C. 8 

Ferric oxide, pscudomorpliqus with magnetite, may be obtained by 
heating magnetite crystals in the blow-pipe flame for several hours; 
oxidation takes place, the crystals retaining their original form almost 
unaltered, hut losing their magnetic ‘properties. 9 


Ferric oxide may be obtained in an exceptionally puie condition, 10 
very useful for analytical purposes, by dissolving a piote of metallic 
iron, preferably of high purity, in hydrochloric acid, diluting, and 
precipitating as sulphide by passage of hydrogen sulphide, any copper, 
etc., with which the metal is contaminated. The clear filtrate is 
evaporated to small bulk, oxidised with nitric acid, evaporated to dry¬ 
ness with hydrochloric acid, taken up with water, and extracted 
witlw-thec. ■'fur ethereal solution is distilled, und the residual ferrous 
and feprie chlorides dissolved in diluted hydrochloric acid, reduced 
with sulphur dioxidp and precipitated as ferrous oxalate withe the 
ammonium salt. After thorough washing the oxalate is ignited to 
ferric oxide. , , 

Pure ferric oxide is recommended for the standardising of 
permanganate solutions foi 1 volumetric analysis. It is dissolved in 
hydrochloric acid, reduced with stannous chloride, and titrated with 
permanganate. 11 t , .. » ‘ > 

As obtained by any,, of the foregoing mctjiods, ferric oxide is an 
extremely stable substance,'- soluble in acids only with difficulty. It 
melts at T50p° C., 12 „antl freezes at 1562° to 1565° C. 13 


I Hftuitr, /iitiunff. 'nr. K. A had. Wind. lVirn, 1854,‘ 13 , 460. r . 

* Deville, Comptl mid., 1881, 52 , 126*. 

4 Brbbns, (Stew Zentr., 11., 888 ; Ar, (mv.ki, Zeits'h. anorg. Chem., 1884, 

6 , 377. ' e 

^ Arctnwski, Bull. Acad. rug. fitly., 1884, (3), 2 % 833; Zeilsch. atwrg. Chem., 1894, 
6 , 377. 

* Munroe, Amcr. J. Sci., 1907, (4), 24 , V 8 u. , 

,• Rosooc and Sohorlrmmcr, Treatise «8 Chemistry, vol. ii. (Macmillan Sc Co., 1807). 

7 deSonarmont, Ann. Chim. Pkys., 1861, (3), 32 , 144. , 

8 Laohaud and Lepiorrp, Compt. rend., 1892, 114 , 915. 

* Friedel, Bull. Soc. from;. 1894, 17 , 150. , 

18 Brandt, Chem. Zeit., 1918; 49 , 005, G31. 

41 Biindt, Ibid., 1'908, 32 , 812, 830, 840, 851. 

II Hilpert and Kohlmeyer, Her., 1909, 42 , 4581. 

' 18 JJjhlmeyer, MetaUurgit, 1909, 6 , 323. 
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- Its cubical coefficient of exlansftm with rise of temperature 
is 0-00004. 1 ; \ 

Its specific helts for various temVerature into' yuls are as follow:—* 


Temperature Interval. 

* 'V- . 


— 191!) to' 81 0 


- 191.9 , 

- 79 0 „ 

- 78 -8 „ 

3-9 „ 
3-2\, 


-80-4 

0 

()• 

43- 8 

44- 8 


-» ■“ 

• 

SjAcific Heat. 

MoledUlar Heat. 

... . •_ ... 

* 

0 0728 

0 0f24 

• 

y 1 r v9* 

»• (V1318 
’* 0-1818 

j- 21-05, 

0 -1004 9 
0-159(1 

• 

}. *25-53 


At about 2500* to 3000° it shows signs of volatilising. 3 
It cfystallises in tabular hexagonal scales belonging to the 
hexagonal system, and possesses a steel-like lustre The edges 
arc ruby-rcc^ i»t colour, and give a red streak. Density, 5-187 
to 5-198. 4 , . 

At 640° €. ferric oxide appears to tftulergo a polymorphic change. 8 
The magnetic properties of ferric oxide arc ordinarily very feeble, 9 
but when heated to a very high temperature, as, for example, in the 
electric furnace, 7 or oxy-hydrogen flame," it becomes magnetic, owing 
to conversion into the magnetic oxide, l'e.,0,. It. is pot reducible by 
solid curlxgi, in the absence of gases, below 950" C/ VVht-n hOktod 
with platinum to 1600° C. in the air, ferric oxide is reduced to tbs metal, 
oxygen being evolved ijnd the iron passing into.solid solution in the 
platinum. 1 " Under low oxygen pressures tile temperature of redaction' 
may be as low as 12*0° C. ... 

When heated to 480° C., under a pressure of twelve atmospheres 
of oxygen, ferric oxide undergoes no chemical change, a higher oxide 
noj being formed. 11 • * 

Wijh magnetic o3*ide ferric oxide fields a contiguous series of Solid • 
solutions, ranging from»Fe 2 0 3 down to practically Ke :l O, itself. No 
intermediate oxides have beensletected. 12 * * 

• 

1 t’iTuau, Ann. Chinf. Phys , lsGU, (4) # 8, 335. 

1 Kusst-li, PhymtHil. Zcitsch., J912, 13 , 59. 7)thor data are given by A^jt, I Vied. 
Annalen, 1897, 623 474. Compare algvthallcmaftd, Aim. Chfm. Phys .*. 1863, (3), 69 , 223 ; 
Malagutti and Lailemand, ibid., 1882, (3), 64 , Sp4. 1 t i * , 

* Eisner, J. prakt./lhem., 18«6, 99 ,257. , • * 

* Kohlraeyer, Meiallurgie, 1900, tr, 3fi3. * • • 

* Keppeler and d’Ans, Zeitsf/t. physikul. Chem., 1908, 62 , Si). 

* See Malagutti, Ann. Chim. Hhys., 1863, [9), 69 , 214 ; l-ajl'-niiiml, ijtid., p. 223; de 

Luoa ,Compt.rend„ 1862,55, 615; Smith, Ann.Xkim. Phyt., 1844, (3), 10 , lgO r Plliclwr, 
Pogg. Anrnlen, 1848, 74 , 321. • 

7 Moissan, Compt. Tend., 1892, 115 , 1034. , 

* Read, Tram. Chem. Hoc., 1894 ®5> 314 - 1 

9 Charpy aifi Bonnerot, Compt. rend., 1910, 151 , 644. " , 

19 Sogman and 71 os tetter, J. Washington Acad. Sci., 1&15, 5 , 293. 

“ tAilbnyerf Eighth Inter. Cong. App. Chem., 1912, 2 , 183. 

11 Soaman and HosUtter, J. £mfr. Chem. Soc., 1913, 38 , 8<f7. 
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The dissociation pressures ofterril oxide between 1100° an'd 1400°C, 
are as follow 1 / . 


- 


1 Temrierature. f 

Pressur^ 

■¥. - 

(mm. mercury).* 

' ■ - - 

• 

- - -* — 

lV)0 

5Q» 

• 1150 

70- 

1200 •* 

9 0 • * 

1250 • 

20 0 ' 

1300 . . 

. 59-5 

1350 * 

• 1004) 

1400 

* 454 0 

1 ..* 



Ferric oxide is reduced to ft-rrons nxjdc or the metal, according to 
circumstances, hy curiam monoxide. At temperatures below 1000 ' C. 
the dry gas is more effective than tin; moist, but at 1050° C. both moist 
and dry gases behave alike . 2 At and bt low 850° C. the iron is con¬ 
verted into carbide . 2 At 700° l\ the,reaction 


, 3Fc 2 0 3 | CO -2Fc.,0 4 | co„ 

also takes place. 1 « 

,. Feyric o?pde is reduced to metallic iron when strongly heated in a 
current of hydrogen, the water vapour formed during the reduction 
being rapidly carried away in the current of gas. 

Til/; temperature at. which reduction begins depends on the tempera¬ 
ture io which the oxide has previously been heated/’ 

In the ease oV hydrogen gas the reaction usually begins at about 
880° €. with the formation of magnetic oxide. Thus : , 

:iFe 2 0 3 | II 2 =2Fe 3 0 4 f 11,0. ( 


Carbon monoxide is active even at 2 40° C. 5 At 500° ('. ferrous oxide 
is formed ; -- ' 

* ( Fe 3 0 4 1 Ik r 3FeO |-11,0; . . , 

and at 600° C. complete reduction to metallic iron is effected :— 

% l 

« * f % * Fe0-fII 2 ==Fefil 2 0. 

The methl obtained at this temperature, however, is ndt •pyrophoric. 6 

It jpust Ije Remembered that* the foregoing teniperatures are only 
approximation* amj reifo* td experiments of ordinary duration. For 

4 , • * ‘ « « ’* 

1 Wftlden, J. Amcr. Chem. Soc., 1908, 30 , Klho. slightly different data are given: 1 
Treadwell, Zeitech. Klektrochem ., 1910, 22 , 414. See aiso HostVtter and Sosman, J. Amer. 
Chem. Soc.. 1910, 38 , 1188. .* 

* Bouifoudrd, Compt. rend., 1905, 140 , 40, * 

» Hilpert and Dieckmann, Bcr., 1915, 48 , 1281. 

* See Braithwaite, Chem. News, 1895, 72 , 211 ; Baur and Glacssner, Zeitich. physikal. 

Chem., 1903, 43 , 354. X * % • 

6 Hilpert, 1909, 4 2 , 4576. Compare Glaser {Zeitsch. anorg. Chvm., 1903, 36 , 1), 
who gives 287° C. as the commencing temperature. . 

* Mpiagan^pwa cit, p. 347. 
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example, the last reaction, stated tfr begin at about 600° C., will 
take place,' albeit very slowly, * considerably lower temperatures. 
Thus, after nitfbty-siM hours ofVtreatment, Moissan was able to 
reduce the ox'jde (o iiytallic iron ;■ 410° C., and the metal was then 
pyrophoric. , * 

If, however, the reduction is made to take pine* in a more or less 
confined urea.Various equilibria are set iijj, according to circumstances. 
Thus: c* ' i ‘ 

• . • FP,<>.,-< :m 2 . -2Ke |-3lljy. 

. _ ,• li< A I 3CO- -2 F*I.‘!('()j, ■, 

and these reactions are still further complicated bv the formation »f 
ferrous oxide and magnetic oxide .\ * * t 

Ferric oxide is rapidly reduced by nascent hydrogen.' If* id (fed to 
hydrochloric acid in which metallic iron is dissolving, it, is reduced 
and quickly dissolvqjl, yielding ferrous chloride. 2 • 

Fernb oxide is not attacked by ^hionyl chloride. SO('l„ at the 
ordinary temperature. At 130° ('. the following reaction readily takes 
place - , 

FcjOj 1 3,iOCk, =*«>FiVl :> f 3S<) 2 , 

the ferric chloride crystallising out in green hexagonal jjates. 3 

Ileated witfl sulphur, ferric oxide yields ferrous suljihide and sulphur 
dioxide. With hydrogen sulphide at white heat hydrogen aiuUsiilphiir 
dioxide are evolved : 4 * 

♦ • • 

2 FcjOj i-nijS fFeS ] 3S0 2 ( 711*. 

Ferric oxide reacts slowly at 700 J to 300° C. with sulphur dioxide, 

yielding sylphur trioxide and magnetic oxide: - - 

* • 

. 3Fc,0, 1 -SO,:-2Fe,0 4 ( SO** 

Below 600° C. there is no aetioit. t t 

Ferric oxide is attacked by chlorine at big'll temperatures, yielding 
a sublimate of ferric chloride, 1 ' the same «nlt being also produced upon 
ignition of the oxide in hydrogen chloride.t Ammoiya, under similar 
• Conditions, is oxidised to water, a nitrile of iron being produced. 

■ Ferric oxide is Missolvefl by hydrochloric ae*l. Nitric acid dticie 
not attack the ignited*oxide. Sulphuric* acul, jiartieularly a mixture 
of t? parts of acid with 3 parts of water, effects its solution. 8 • 

When heated*with calcium sulphate, ferric ttxidc (*auses the ex¬ 
pulsion of sui|flmr trioxide, and a similar reaetion»takes |ttaee with 
lead and magnesium sulphate*. 9 * * , 

* . . : • 

1 See this volume. Part HJ.. • wh^re the reat-tionsflaking place iti the Want fufnace 
are discussed. 

* Bomtrager, ZeAtsch. attar. ('hew., 1890, $5* 170. • 

3 North and Hagcrnann, ./. timer. Chan. Hqc., 1913, 35 , 352. x ^ % 

4 Gautier, Compt. re ml, 1909, 143 , 7 * • 

6 Keppeler, ZeiUtch. anger. Chew., 1908. 21, 579 ; Hanmiiek, Tran*, ('hem. Hoc., 1917, 

XXI, 379. 

* Wfeber ,4’ogg. Annalen, 1801* 112 , 819; Jahrcsbcr.JkHQl, 14 , 148. 

7 Deville, Compt. rend., 1801, 52 , 1264. • • * • • 

• Mitsch«rhch,* J. prakt. Chem., 1800, 81 , 110 ; Siewert, Jahresber., 1804, 17 , 260. 

• Scheurer-Kesther, Comply rend., 1884, 99 , 870. • , 
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The heats of formation of adliydAus ferric (bade Aelow 4t)0® C. we 
given as follow :— j . 

2[Fc] -f 3(0) — |r’e,fiM 4 194,400’calories. 1 , 

<2[Fe] f 3(0) = IFcjOjI +1 92,2005calorjes. a 

2[FcO] | (0) = = | Fe,0,] +65,200 calories. 1 

2(F*:0] 1(0) -4F(' 2 t».,l 403,700 culc.ries. 2 , 

211-4,0,,] F(p)±3[Fe,6 3 ] f 54,500 calories. 2 

Ferric Onidc as a Catalyst .—Ferric oxide possesses the power of 
catalytically promoting the combination of sulphur dyixide and oxygen 
at red heat. The action is perceptible at temperatures just above 
4fl0° C., attaining a maximum at IbbY -C. when 70 per cent, of the sulphur 
dioxide i« conyertcd into trioxioc.** The origin of the ferric oxide is 
of considerable importance, that prepared from the hydroxide being 
particularly active. Admixture of copper oxide increases the efficiency, 
as does also the prcsAaec of arsenic at tcmperatures«abovc 700‘‘jj. 4 

In commercial practice, tin* ferric oxide is obtained from pyrites 
cinder, and experience shows that its catalytic activity 'is greatest if 
the ferric oxide is used frcslt,nnd not lirst allowed «to get cold. 5 It 
appears that if the air required for oxidution of the pyrites,is dried 
previous to admission to the burners, the resulting mixtiyc of sulphur 
dioxide and air’is more sensitive to the action of the qiridyst than is 
otherwise the ease. Under highly favourable conditions tt() per cent, 
of the sfilphur dioxide is converted into sulphur trioxidc, and a con¬ 
version of 00 jper cent, is quite readily obtained. 

Owing to the high temperature required, however, there appears to 
be a loss of sulphur trioxide through dissociation when the process is 
carried, out on a commercial scale. A process has therefore been 
patented according to which the conversion of the sulphur dioxide into 
trifixidc y.rendentl practically complete by passing the partially con¬ 
verted gases emerging from the ferric oxide chamber through a second 
chamber containing platinum as catalyst." 

The manner in wliieh.the ferric pxide'is able to function as a catalyst, 
has been the subject of discussion. According to one theory, it is 
supposed to undeVgo alterryitt reduction to magnetic oxide and oxida¬ 
tion to ferric oxide ; thus - 

• 1 3Fe 2 0 3 4 SO/—2Fc 3 (),< -]- S0 3 , . 

4l-> 3 O, w FO 2 =0Fe 2 O 8 . • 

It h*s also-been suggested that sulphur dioxide and oxygen combine 
frith the ferric oxide to form ferric sulphate, which then dissociates 
nto the trioxide, regenerating the ferric oxide. Thus :— ■ 

2Fc s 0 # ^eS0 J +30 2 -2Fe a (S0 1 ) 8 , • 

. _ . ' FcgfjSO,)^ =Fe 2 0 3 -f 8,S0 3 . ' 

A third theory 7 has been put,forward by 'Keppelcr, according to 

1 Le Cltatelier, Compt. rend., 1895, 120 , 623. 

3 Mixter, Amer. J. Sci., 1913, (4), 36 , 55. 

3 Lunge and Reinhardt, Zeitsch. angew. Chem., 1904. 17 , 1041. 

4 Lunge and Pollitfc, ibii., 1902, 15 ,1105. 

6 See Aitfifsi Patents, 1720(1 (1808), 24748 (1899). 

• English Patent, 24748 (1899). . , 

* JCepprier and hi, cc* workers, Zeitsch. angew. Chen j., 1908, at, 532, 577. 
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which tW catalytic action is atlrimtsMe to a physical cause, the gases 
being condensed on the surface If the ferric oxide and uniting under 
these condition#. Thil theory explains the similarity existing between 
the catalytic-activities of ferric ojide and platinum, and harmonises 
very satisfactorily jvitn the conclusions of Bone and tVheelor, relative 
to the catalytic activity of ferric oxide and other heated surfaces in the 
surface combustion of mixtines of hydrogen and oxygen. 1 * 

Many other reactions are known ifi which ferrift oxide acts as a 
catalySer. 'flufs, it assists tile decomposition of mcrcpric oxide at 
temperatures betwtei^3(10° and ■hSO' 1 and the ox^lation ol'carbon 
monoxide with sfcam, the reaction proceeding very slowly aj 230° C. 
but rapidly at t00° C. 3 • 

It assists eatalytieally the eon\Wsfon of sodium chloride ir^o sodium 
sulphate when heated in a cjirmil of air along with‘finely divided 
pyrites.* It also accelerates the (Iceomjiosition of potassium chlorate 
when heated with tl;is salt, much in the same way git, manganese dioxide 
has loifg been known to do. More .chlorine is evolved during the 
decomposition, however, and under certain conditions the oxygen is 
evolved at an i:\pn lower temperature than when manganese dioxide 
is used. 6 . • 

Polymorphism of Ferric oxide.- The jellow colour in certain bricks 
is stated to i’e due to a yellow modification of anhydfous ferric oxide 
rendered start)!? by alumina." 

It may well be, however, that th^ colour of ferric oxide Is deter¬ 
mined by the size of the grain rat her than by any variat ion in molecular 
structure. 7 Thus, brown and violet samples of ferric (Aide ale con¬ 
verted into the yellowish red variety by alternate grinding and washing 
—processes which, in view of the chemical stability of ferric oxide, arc 
hardly likely to effect a molecular transformation. 

Hydrated ferric oxide, Fc(01I) r Aq., occurs in nature jn various 
stages of hydration, the best-known minerals being (see pp. 17-19) ns 
follow: ' • * 

Turgite, 2Fe 2 Oj.IIoO. 

(Jocthitc, FVjOj.HjO. 

Hydrogocthit<•, !iFe a (>.,«!!I 2 CJ. 

Limonite, 2Fc 2 0 a .3lI 2 0. * 

Xanthosiderite, FtgTl :) .2ll,0. 

Ltmnite, » 2 0. t .3ll 2 0. 

EsmOraldaite, Fi\,0...tH e O. * 


[ttessimt, (some ^000 
At 42-5° (.'.'it yields 


& 


When heated • with water under enormous 
atmospheres).ferric oxide becomes hydrated. 8 
brown iron stone ; at 42 5° 4o 02*5* C., Goethite, and at 

• . 

1 See Bone and w heeler, Ptyl.'Trans., >900, A, 2 oCf 1; also thin sSnes, Volume Vll. 

2 Taylor and Hulett, J. Physical Chew., 1013, 17 , 565. 

3 Armstrong and Hilditeh, P % roc. Roy. Sot f, 1020, A, 97 , 205. * 

4 Krutwig, Rec. Trav. Chim., 1897, 16 , 171^ * 

6 . Hodgkingon and Lowndes, Chcm.^S'cws, 1888, 58 , 309; 1889, 59 * 03 ; Mills and 
Donald, Trans. Ckcm. 80 c., 1882, 41 , la ; Fowler and Grajit, Tram 1 . Chem. 80 c., 1800, 
57 , 278. See also this series, Volume VII., Part I. t 

• Sclieetzf J. Physical Chem., 1917, 21 , 570; Tomntasi, Bull. Soc. chim., 1882, ( 2 ), 
38, 162 . * ’ * • 

7 W 6 hlei*and Condrea, Zeitsch. anyew. Chem., 1908. 21 , 481. 

» Run, Ber., \M, 34, U\J. A • 
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higher temperatures, a hydr<*hasrtatite, 2f> 2 0 3 .ll 2 0, rfseftibling 
turgite in composition. 1 I , 

Ferric hydroxide, dried at 100“ C„ gradually becotnes rehydrated 
upon prolonged exposure to a satiated atmosphere.* Although the 
above substances are usually described as hydrate^ «f ferric oxide, it 
is by no means certain tlm! all of them ure to be regarded as definite 
clfcmieal entities. 3 They are lyostly hygroscopicsuCstancdi, the amount 
of water they contain at luiy mrtment iluctuating with the temperature 
and humidity of I lie atmosphere. The task' oP determining precisely 
how much of thepeontained wi^ar is merely'phytijcaMy attached to the. 
oxide, arid how much is chemically combined with it, is not easy. 

• Precipitated ferric hydroxide becomes gradually dehydrated when 
its temperature is raised. At ViJJ C. it attains the composition 
FtjOj'jlIIjt), alul with further rise in,temperature, more water is 
gradually evolved until at about 385° a substance represented by 
the formula 10Fc 2 O a tIJ 2 O is*obtained, which remain^ constant in weight 
for several hours at 385° to 415° C At 500 ° C. the oxide is perfectly 
dehydrated, and its weight remains constant. 4 • 

The suhliydmlr, 2Fc 2 0.,.II 2 0, occurs in nature as thj mineral turgite 
(see p. 17). It may be prepared iu the laboratory 5 by boiling ferric 
hydroxide with distilled water for prolonged periods, when it becomes 
partially dehydfcitcd and loses its gelatinous appearance. It still con¬ 
tains from 4 to (i per cent, of water, approximating to a Composition of 
2Fc 2 0 3 .M 2 0. The same effect is produced by heating the hydroxide 
for 1000 to 2000 hours at, 50“ to 00" C., the resulting oxide having a 
brifk-r&l ap|(taranee, and a density of 5, and generally resembling 
red luematite. It seems reasonable to suppose that the change may 
take place at still lower temperatures, given sufficient time, and it is 
thus unnecessary to postulate the need for high temperatures to account 
for*the projluction«of some of our deposits of red luematite. * 

The tnonohydriilc, Fe 2 0 a .H 2 0, occurs in nature as the mineral 
Goethit j (see p. 18), wlifch is regarded as a dclinitocrystaUinc hydroxide 6 
abd not as a colloid like limonitc. Thc*monohydrate may be prepared 
in the laboratory in tho*amorphous condition by tlfc prolonged boiling 
of the brown precipitate resulting from the addition of alkali to ferric 
chloride solution^ 7 The eojtmr gradually changes from brown to brick- 
red, and tlie resulting hydrate is'jemarkably resistant to acid attack 
BoSifig'ediieenlrateirnitrie acid lias but little effect, and even concern 


trated hydroehlorie acid bnl^ attacks it after prolonged digestion at 
the* boilingjjMiint. Alter some hours of treatment with acetic acid at 
lOCr C. a colourless folloidal solution is obtained, from which addition 
of a trace of sulphuric acid effivts the precipitation df.the insoluble 
monoliyjlrtite. If, however, the Solution is prepared in*the cold, it 
possesses* wiije«?ed eoloit* anti reacts like a ferric salt. 

• «*,*.. X 

1 See Totnmaai, to, 1870, 12 , 1920. ' 

• * Cross { Chem. Net vs, 1883, 47, 239) continued his ex,>0 if moots for 192 days. 

1 See Fisoher, Ceitsch. anorg. Chem., 19141, 66, 37 ; vah Bemmelen, Her.. Trav. Chim ., 
1899* 18 . 8(T; i*an Bemmelen and Klobbie,./. prakt. Chem., 1892, (2), 46, 497. 

* Camolley and Walker, Trans. Chem. .S'or., 4 !888, 53, 89; Ramsay, J. Chem. &oc., 

1877, 33, 395. * 5 Davies, ibid., 1866,19, 69. 

* Fischer, Zeitech. anorg. CAr/J., 1910,66, 37 ; l'osnjak and Merwin, Amtr^I. S<H., 1919, 


47 ,311. . , * • 

1 Saint Oilles. Compt. rend., 1855, 40 , 568, 1243 ; Ann. Chim. Hhye., 185$, (3), 46 , 47. 
See also Banorqft. J. PhysicahChem., 1915, 19 , 232 • 4 



123 


IRON AND THE ELEMENTS OP GRRUP VL 

• ' | 

WRerf iron is.expcfced to moilt aif, it readily becomes coated with 
a light, friable, and [irons mq.sl of oxide, which is brown in colour, 
and is generally termVd rust. Numerous analyses of rust have been 
published froin time time, 1 whiRh prove thnt its composition varies 
according to tht» ijgc and method of formation of the rust. When 
formed by exposure to ordinary air its composition corresponds fairly 
closely to the'formuTa Fe 2 0.,.JI 2 0. , • 

The monohydrate has been obtained in crystalline form in several 
ways,•such ps, for example, by the action of concentrated potassium 
♦hydroxide solutitnf ujym potassium uitrnprus.side. 2 * • t 

When irou'is alkteked by fused sodium peroxide, dark red, tabular 
crystals of a monohydrate, Fe/F.JLO, are obtained, of density 8-8 et 
27° C. The hydrate is niiyrnctktJiiTd when heated to low redness a 
magnetic form of anhydrous fyrrie oxide is obtained. s ' * * 

Crystals of Goethite have been maintained under a pressure of 1)500 
atmospheres for 'JC^days at 15° C. without showing any loss of water, 
although almost all the waterjs expellql when the crystals are immersed 
in water IV# 7 days at 320° to 330" C. under a pressure of 185 
atmospheres. 4 * ( 

An ^unstable variety of,Fo 2 W,.Il 2 0’ is obtained by partially de¬ 
hydrating the dihvdrate by exposure hi a desiccator. 

Fnrous scid. Ke 2 () 3 .II 2 f), or fIFeO,, [xissesses tin* same empirical 
formula as kite monohydrate, and is discussed on p. 12!). 

The sexqui-hydrate , 2Ke 2 0 1 .3lI 2 0, ij generally regarded aswcsulting 
when the normal trihydrate is allowed to dry in a vacuum. It occurs 
in nature as the mineral limoiiile (see p. 18), and is a valuable* sortrcc 
of iron. It is probably not a chemical entity but a colloidal substance 
containing adsorbed water. 2 

A satisfactory explanation for the yellow colour of limonite'lws not 
as yet beta offered. Possibly the colour is due to the adsorption oftan 
iron salt, but this has not been proved. 6 * 

A substance havnrg.a composition eorrcspdluling to the dehydrate, 
Fe 2 0 3 .2ll 2 0, is obtained by dissolving reduced iron in hot, dilut?d 
sulphuric acid and healing until the acid begins to fume and the iron 
is transformed into a faintly red, crystalline powder. The acid is 
poured off and the precipitate shaken witl^sodium l^'droxidc solution 
*nd»finally washed with water. Tie 4 substance is formed as brownish 
T>lat»s of density 8*28 I at 15 C. 7 * * ■*“ »«— 

It is probably not <t definite hydrate. It, loses water when kept in a 
desiccator, yielding a subst'anee corresponding in composition to*the 
monohydrate, F(^0 3 .H 2 0, but which is not very stable, ;tnd is prooably 
not the normal monohydrate. * , « 

The frihgdruie, Fe 2 0 3 .3ll/), or Fc(OII).,, A the Brown voluminous' 
precipitate obtained on adding an.alkali lo.Si solution Jif a iierric salt. 
The reaction is delicatp,. t ^ part of* iron, in 8b,0()() (parts of water 

1 See p. 77, where analyst- and referent!#! are given. • 

2 Roussin, Ann. Chim. I'hyn .. 1838, (3), jc, 283. See the critieimNid van Bemmelen 

and Klobbie, J. jiralct. Chew., 1892, (2),a6, 49n » ' 

8 Dudley, Amer. C/mn. 1902, 28 . 39. See also Brunck amt Graebe, iter., 1880, 
13 , 725. 1 Spczia, Ath H. AkwI. Sri ToAno, 1911, 46 , 082. 

8 Msche% lor., cil. ; Poanjak tnd Merwin, Amer. ./. Sfy’., 1919, 47 , 311. 

* Bancroft, O. j’hyviral cht:in., 191'), 19 .232 . * * , . 

’ Vestexpcrg, iter., 1908, 39 , 2270. Sec also Wellzien, Annakn, 1868, 138 , 129; 
Muck, Jahreober., 1)867, 20 , 287. . • 
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c * 

being detectable by the precipitate obtained if Ammonia is fhe'alkali 
employed. 1 ' . [ 

A mixed solution of ferrous sulphate and hydrogen cai*bonate deposits 
ferric hydroxide upon standing, eve# in the dark* 3 Its htjit of forma¬ 
tion is , ' * t •' 

2[I'Vj £-3(0) f3lf 2 0=2[Fc(0II),]+191,150 calories. 3 
♦ , * ’ 

If the trihydrate is boiled with water for several hours it gradually 
assumes a brick-red colour, being converted' iltto the* monohyAlrate, 
Fc.0,.11,0 (see i>. 182). ’flic tribjidrate is readily soluble in acids yielding, 
ferric suits. It also is slightly soluble in ordinary* distilled water, 
namely, lo the extent of 0151 mgm. of Fc(01I) 3 per litre at 20° C. 4 

Freshly prcei[)itatcd ferric hydnj.fide adsorbs arsenious acid from 
solution , the "extent of adsorption is djnunishcd by the presence of 
sodium hydroxide, but addition of sodium chloride appears fo have 
no influence. 1 ’ It has therf-fore been recommended as an antidote in 
eases of arsenic poisoning. The amount yl' udsorpt ion is givcnMiy the 
expression • • 

i/“ ()-0.‘ll X \!x f 

• 

when y and -t are the amounts of acid 'adsorbed and rem,-titling in 
solution respectively. The followingsluta illustrate the general agree¬ 
ment between the calculated and observed values of x : • . 


// 

1 « 

* * 

r (oftlelllatrd) 

,r (ol»st‘i veil) 

0*251 

0010 

0 OKI 

011 5 

0123 

0-107 

. 0-5 W 

0-408 

()• 105 * 

* 0-712 

1 -820 

1 -80S 

, 0-821 * 

3-7 K) 

• 3-875 

. 1 ... • 

.. . . 

.. ..Jk _ 


Ferric hydroxide dissolves pn fused sodium hydroxide, 4 and, if the 
latter is present ip excess, lustrous needles and lamella- of composition 
approximating to 20Fe 2 O 3 .32lI. ii O.^N T a 2 O are obtained. These diss*lv# • 
rtaAliy In acids, and ift-gin to lose water at 120° ('., becoming anhydrous* 
at dull red heat. The resulting product, 20F\ , 2 O 3 .3Na 2 O, resembles 
speetjjar hmmatile in appearance and is'conceivably a solution*of 
sodium ferrati* in l'i*rrie oxide, lly locating ferric • hydroxide with 
sodium hydroxide to 110° l'.* a product resembling Gocthite, 
Fe|0 3 .IIJi), is obtained, hut agaiif admixed with small Quantities of 
sodium ox*de. # 1 •’ *< • • • * . 

• * * • * • » , * 

1 Curtman ami St John, Anur. Chon. Sue., I 1)1 2, 34 , U179 ; Hampe, Chem. Zentr., 
1889, 3 , 900. 1 Moliseh, teiLvh. Kriiat^Jlin., 1913, 53 , 92. 

* Thomson. TA fmnrheinmlry, translated J>y Burke (Longmans, 1908), p. 28f>. 

4 Almkvist, Zcitsch. anvry. Chon., 1918, 103 , 240- , 

4 Blitz, Her., 1904. 37 , 3138. See Boswell annlhekson, J. rimer. Chem. Noe., 1918,40, 
1793; Mecklenburg. Zeitxch. ptiynikal. Chem., 1913, 83 , 009 ; Lookemann and Lucius, ibid., 
1913,83,735; Lockennmn, VerlneOee. deul. Naluifor.irh.Ae.rtze, 1911, n, 25; sLocktmann 
and Pauolte, Zeit^Jf! C'ltem. Inti. KoMoide, 1911, 8 , 273; Taylor, The Chemhlry 0 / Colloid* 
(Arnold, 19io). * 

* * Rousseau afid Bemheim, eOompt. rend., 1888, xo6, 1530. 
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Fdri? hydroxide dissolves injpotfssiura hydroxide in the presence 
of ozone, yielding potlssium pqrflrrate. 1 

On passing *a cur^pnt of air into a hot, concentrated solution of 
sodium hydroxide containing fcrrio|hydroxide in suspepsion, an appreci¬ 
able quantity ofirpn passes into solution without colouring the liquid.* 
On standing for several days the liquid becomes turjrid owing to separa¬ 
tion of ferrift hydroxide, bpt is readily clariiicd again by war mi fig. 
Probably sodium ferrate is formed in sdlution. 

FAric hydfoxidc !s noddy soluble in mineral aeidf yielding the 
• corresponding ferfie *alt, and in ferric chloride sohjion yielding oxy 
compounds wfiiel*are acidic in their belipviour, decomposing carbonates, 
and can therefore hardly lie termed basic chlorides.- 1 ft dissolves*in 
aqueous oxalie acid to an rxtcnf slitcctly proportional to the epneen- 
tration of the acid, no definite basic oxalate being formed"at 25° C. 
from solution. 4 It does not combine with carbon dioxide when freshly 
precipitated and suspended in water. 6 • 

It. dissolves to a considerable extent in a concentrated solution 
of aliiminiiftu sulphate, 8 yielding a brown solution which may be 
evaporated to flryncss without decomposition. Addition of water 
induee^the formation of a lyisie salt, .'iFe 2 (),.SO :1 ..'!l 1,0. 

Inasmuch as the majority of ferric salts in the crystalline state 
are whitish,* the question arises vs to why ferric hydroxide should be 
brown. 7 Ferric hydroxide can be obtained as a white precipitate on _ 
adding a freshly prepared and concentrated solution of a ferfie salt to 
cooled ammonium hydroxide solution, but it rapidly becomes brown— 
due, it has been suggested, to molecular condensation <fr aggregation. . 
When kept under water for a year, ferric hydroxide changes in colour 
from brown to yellowish red. and about 30 per cent, becomes insoluble 
in dilute acids." Possibly these changes are due to a similar catiSe. 

A mineral having a composition corresponding to a Idrahi/diVle, 
Fr^Oj.411,0, has been found as an inclusion in limonite in Esmeralda 
Country, Nevada, whence the name BsmeralBaiie (see p. 1 t^l. It is 
glassy and brittle, Jmt, possesses a yellowish brown streak. Its density 
is 2-58. A substance of similar composition 9 is obtained when the 
voluminous precipitate of hydrated oxi*le, resulting-from addition of 
ammonia to dilute ferric chloride solution. Vs allowed.to dry in the air. 

4t j* vitreous in appearance, biael^’in colour when view ed in mass, 
Vlthftugh thin sections appf-ar rod by transmitter^light. IlTTH'lAlt'f'(*, 
2-436 at 15° C. Pressure does not decompose it, hut it loses waiter 
wl?cn placed in a desiccator.* • % 

Colloidal ferric hydroxide.- Ferric hydroxide* may be obtained in 
colloidal solution 10 by adding 5 c.c. of 33 per cent, ferric chJoridc to a 
litre of boiling water arid rrmiovinjf the chloride relnaining, together 
with the hydrochloric acid,«by dialysis. * -• *~ 

; .•••*. . 

1 Mailfort, Compt. rrnd., 1882, 94 , 860. 1 Zirnitf-, Chon. Zeit., 1888, 12 , 355. . 

8 See p. 104; also Nicoiardol, Ann. V\ Uni. Phys., 1905, 6, 334^ Weyman, J. SocP 

Chem. Ind., 1918, 37 , 333T. * jr*, 

4 Cameron and Robinson, J. Physical Cham., 1909, 13 , 157. 

6 Raikow, Chew. Zeit., 1907, 31 ,' 55,^7. 

• Schneider, Ber., 1890, 23 , 1349; Annalen, 1890, 25 ^, 3$9. 

7 Mcolaadot, Compl. rend., 1905, 140 , 310. v 

6 Tommaei Sind Pellizzari, Bull. Soc. chim., 1882, (1), 37 , 190. • * » • 

9 Spijn^ Bee. Trav. Chim ., 1898, 17 , 222; Bull. Soc. chim., 1899, (3), 21 , 87. 

19 See thifl seriedj Volume I., ^p. 78-80. • • 
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Another method consists in Boiliijg a solutiofc of ferric nifrafe with 
copper filings or zinc dust. The ferric nitratejnccd not be specially 
isolated for the purpose, but may be made mefely as*an intermediate 
product during ijie course of the refic-tion— if, fqr example, iron filings 
containing copper’are treated wirti concentrated.nitric acid. After 
dilution and filtration, the solution is dialysed, f whereby a deep red 
liquid is obtained, eontaining/'olloidal ferric hydroxide. 1 

By saturatingii solution of fdrric chloride with ammonium carbonate 
and purifying the solution thus obtained by dialysis, ferrje hydroxide 
is readily obtained in the colli#i«lal state, 2 or by (dialysing the solution- 
obtained, by adding ammonia ,to a solution of ferric chloride in such 
srtiall quantities at a time that, the |erric hydroxide at first thrown out 
is eoqiplcjely dissolved on stirring. t ‘file ejear, dark brown solution so 
obtained scarcely tastes of iron. The last traces of chlorine are not 
removed in this way, although the colloid is free from ammonium salts. 3 

When a 10 per et-yl. sofution of ferric chloride it poured into excess 
of ammonia, the colloidal ferric hydroxide initially produced is coagulated 
by the ammonium chloride. On evaporating to dryness 'and washing 
with water, the ammonium sail washes out, and then tlig* ferric hydroxide 
deflocculates, passing into subsequeift wash waters as a red y-olloidal 
solution. 4 • t 

On additional' a dilute solution of potassium permajiifcmate to one 
of ferrous chloride, and subjecting to dialysis, the pure eolloidfcl hyilroxide 
is readily obtained. 5 The sol nyalso obtained by oxidising a solution 
of ferrous chloride containing one gram equivalent of I-VC'I, per litre 
with a*i per tVnt. solution of hydrogen peroxide." 

The colloid, as usually prepared, is electro-positive in character, 
and may be precipitated from solution by electrolysis, by the addition 
of snAtll quantities of electrolytes, or by the action of an oppositely 
charged colloid, such, for example, as (negative) arsenious'sulphide, 
whereby the two electrical charges neutralise each other.’ The smaljest. 
quantities of a few electrolytes required to precipitate colloidal ferric 
hydroxide froiqsolution are given in tin- following tphlc 8 


Electrolyte. 


kno 3 . 

*Ua(N0 3 )u 

NaCl i . 

iBaCl, . 


(’oneentr^tifn in 
Gram-molecules per 
Lit.ro of Solution.* 

• .* 

0 ( 1119 , 

OIK) 

•00925 • 
< 00901 - * 

- U —•- 


Electrolyte. 

Concentration in 
Gram-molecules per 
Litre of Solution. • 

k 2 so 4 • . 

MgSO, . 

K 2 Vr„G, . 

* 

0 00020 
■00022 * 

• . 00019 

• 


1 *Colien. J. A»tf r. Chon. £or.,^914, $ 6 , 19i H • 
a Dumansky, J. Russ. Phtjx. Chew. Soc., 1904, 36 , 1067. 

1 8 Wobbe, Chon.Zentr., 1900, I., 165. • 

* Kratz, A .-JWystcal Chon., 1912, 16 *«l20. See Wright, 

43 . 1 & 6 . " • , 

One gram equivalent of KMn () 4 in 600 c.e., and one gram equivalent of FeCl, in 
c.c. Dilute to 2000 c.o* Neidle and Crombie, J. Amo. Chew. Soc., 1916, 38 , 2607. 


Trans. Chon. Soc., 1883, 


1000 


Neidle and Barab, ibid., 19^7, 39 , 71. 

7 W. Biltz, Jfct, 1904, 37 , 109#. Billiter, Zotsch. physikal. Chen^., 1905, 51 , 142. 

8 See Hardy, Zeitach. physikal. Chem., 1900, 33 , 385 ; also Pappadk, Zeitach. Chem. Ind. 
fKolloide, 1911, p, 233; Freuttdlich, Zeitach. phyaikal Chon., 1903, 44 , 129. 



12 ? 


.IRON AND THE ELEMENTS OF GROUP VI. 

FnJm*the aboyc it w clear that.it is«thc negative ion which influences 
. the precipitation most.lhe divalfn* ions being considerably more effective 
than the monovalent. | 

Non-electrolytes, even in concentrated solution, have usually no 
action on the eo >W- • 

When the colloidal solution is boiled with Feldijigs solution (made 
by mixing copper Pulphate,aml ulkaliqp sodium potassium tartrate 
solutions), the colloid is precipitated alrtng with cuprous oxide. 1 

It fs possible'also to^rrepare colloidal ferric hydroxide with a negative 
charge. This may bp done by addingylowlv 100 «.g. of 0 01-normal 
ferric chloride‘solution to ISO c.e. of y-01-normal sodium hydroxide, 
the mixture being continuously shaken during the process. 2 • 

Ferric hydroxide is not uniqnrbji this respect, for stannic hydroxide 
has likewise been prepared bot^i as a positive 4 and a neghtive* 4 colloid. 

Negative colloidal ferric hydroxide may be converted into the posi¬ 
tive eollyid by addipg it to a very dilute sofhtioiy*f sodium hydroxide 
(0 005-flormal) with constant, shaking, In order to account for this 
amphi-elcctitcal behaviour, it is suggested that the potential difference 
at the surface o£ colloidal particles is due to adsorption of ions from 
the solution. Hence the sigp depends ifpon whether cations or anions 
are in excess in the layers nearest the particles. 5 

The composition and nature «f precipitated ferric .hydroxide have 
been made «tlft- objects of considerable research. When precipitated , 
from aqueous solutions the hydroxide yontains \ cry varying quantities 
of water, and the problem has been to determine in what manner that 
water is associated with the complex. This has been attempted ift a 
variety of ways, such as by measuring the rate of dehydration at 
constant temperature 1 *} bv studying the dehydration at different 
temperatures 7 ; by determining the vapour pressures during dflrydra- 
tion, 8 etc.! 1 A particularly useful method is tlwt. of jniote and 
Saxton, 10 which consists in freezing the precipitate at low temperatures 
anil calculating the quantity of water physieiTlIy attached ty it by 
observing dilatomctrieallv the •change m volume undergone in conse¬ 
quence of the expansion of this water in forming ice. If, in the case 
of ferric hydroxide, this amount, is subtracted from the total amount, 
as determined by finally heating to redness iVid weighing the anhydrous 
, Strri'4 oxide; Fe„0 3 , the difference giv*s the weight of wat er ch emically 
combined. * * * 

^Duraansky, he. at. • ^ 

2 Powis, Trans. Chin. Hoc , 1915, 107 , 818. See also Fiaclufy, Btochbn. Zntsch., 1910, 
37. 22.3. . . 4 

8 Glixelli, K<ghid Zeitsch., 1913, ij, 194. « 

4 Biltz, Her., 1904,^7, 1095., r . • 

5 Powis, loc. at.% Comparo PaiHi and MaJtula, kolUM% Zeitsch., fclW, 21 , 19. 

8 Ramsay, J. Cnem. Hoc ., 32 , 39/i; Tsftlmmi|k, Zeitsch. phfrikal. Chan., <905, 

53 , 349; Zeitsch. anorg. Che in., 1909, 63 , 230, Mannish., 1912, 33 , 1151. * 

1 Carnelley and Walker, fra ns. Chan. 1888 , 53 , 59; Baikow, Kolhid Zeitsch., • 
1907,2, 374. * • % 

8 van Beminelen, Zeitsch. anorg. Chan., 1893, 5 , 407 ; 1897, 13 , 233 ; *1^99, 20 ,*186 ; 

Zsigmondy, Bifchmann, and Stevenson, i<&/.,1912, 75 ,189; Baehmann, ibid., 1913, 79 , 202 ; 
Anderson, Zeitsch. physiknl. Chem. , 1914, 88 , 191. * 

9 Sc# Foq^e, J. Amer. Chem*Hoc., 1908, 30 , 1388 idler Thurgau, from Fischer, 
Beitr. Biol. Pflaitz., 1911, 10 , 200, 232 ; Fischer, Bioche. 11 . Zeitsch., 1009? if, 58 ;*1909, 20 , 
143; KoUoii Zeitsch., 1911, 8 , 291 ; Beitr. Biol. Pflanz., 1911, xo, 133. 

10 Foofe and Saxton, J. Amer. Chem. Hoc., 1910, 38 , 588* 
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Application of certain of th£se methods, and particularly the last- 
named, to precipitated ferric hydroxide, indicates that its contained, 
water is present in three ways, namely :— / 

(a) Very loosely attached, wli^ch readily freezes out at about 

-5° C. 1 r , 

(b) More intimately associated with the precipitate, and considerably 

more dillienlt to remove. I(, is known as capillary water and requires 
a temperature of'the order of -4 30" C. to effect its complete removal by 
freezing. , „ . 

(e) Chemically eomlnned. (This amount eorryspOnds to the formula 
Fe t O,.4jt5 11 2 0 for the hydroxide. 1 < 1 

■ Attempts to determine the molecular weight of colloidal ferric 
hydroxid^ lead to very high vai'uf’S. Th]js, a colloidal solution pre¬ 
pared by addition of ammonium carbonate to ferric chloride solution 
was purified by dialysis, and the freezing-point determined of that 
portion which wntrffj not' pass through a eollodipn membrane. The 
point was only slightly lower tjiau tliat«of the filtrate, indicative of a 
molecular weight of 8120 for the colloid. 2 * 

A result of this kind is uncertain, however, owing ',o the exceedingly 
small difference in temperature to beUvgidered. Thus Kraft 2 found a 
colloidal solution containing .'S titt per cent, of ferric hydroxide, and 0-098 
per cent, of ferric chloride froze at a temperature within 0t()01°C. of the 
lrcczing-pnint of pure water. Other investigators 4 ifavc sometimes 
obtained negative and at other tjmes positive differences in the freezing- 
points. 

'SiiAilar dillienlties are encountered when attempts are made to 
determine the molecular weight by means of measurements of the 
osmotic pressures of colloidal solutions, 2 6 the observed pressures being 
exceedingly small, thus indicating a high molecular weight, but one of 
uncertain .value. 

For particulars of further researches on colloidal ferric hydroxide 
the readier is referred to the subjoined references. 1 '’ 

The heat of coagulation of colloidal ferric hydroxide with potassium 
oxalate has been studied by Docrinokel. 7 

1 Foots unit Saxton, lor. rit. ..This xalue is supported by the earlier results of Buff 
lifer., 1901, 34 , 84IT), who foumt that, form- hydroxide, after freezing afc -10’ C. and 
-■185° C., had the composition Fe a 0 3 .4’2ii,0. -e ! , 

,.. ■ ..ill fniTtev, Zeitsch.'Jhan. I ml. Kolloule, 1911, Z, 232 ; J\ Russ, Phys. Che*. Son., 

1911,43* 549 ; Duolaux (./. ('him. phys., 1909, 7 ,405) found molecular weight of 115,000. 

Kraft, Ber., 1899, 32 , 1608. 

**Malfitan.» and Michel, Compt. rend ., 1906, 143 , 1141. 

6 See van def Keen, them. Weekblad, 1916, 13 , 453. 

8 Carli, [Zeitsch. pln/sikal. Chan., 191£, 85 , 2oil; Kuriloff, Zeitsch. anorg. Chem., 1912, 
79» 88 ; Michel, Conrpt. rejnd.y 1908, 147 , 1052, 1288; Maliitano and M’chcl, ibid., 1908, 
147 , 803 J 1908, * 46 , 338; 1907, 14 s, 185, 1275; UioUti. Qazzftla , 1908, 38 , 11, 252; 
Foote, J. A>ner. Cfirtit. Soe t , 1908,' 30 , 1388 ; A. Midler, anorg. Chem., 1908, 57 ,311; 
Duufanakyy/. Ru&>. Phys. Chem.$oc., 1907, 39 , 74.3 ; 19,06, 38 , 595 1905, 37 , 213, 502 ; 

Fischer, llabiliUitions-schrift, Breslau, 1907 ; Oeehsncr, Bull. Acad. roy. Belg., 1907, p. 34 ; 
Qiolitti, Cazzetta, lg06, 36 , ii. 157; Giolitti 1 nd Battisti, 1 bid., 1906, 36 , ii. 433; Duclaux, 
Compt. rcnd..JJ06, 143 , 290; Mallitano, Qompt. rend., 1900, 142 , 1277, 1418; 1906, 143 , 
171; 1905f*X4X, 660, 680, 1245; Tribot and 0hr6tien, Compt. rend., 1905, 140 , 144; 
Linder and Picton, Trans. Chem. Soc., 1905, 8*7, 1918 ; van Bemmelen, Zeitsch. anorg. 
Chem., 1899, 20 ,185 ; Bee. frav.Chim., 1888, 7 ,106 ; Evan, Proc. Boy. Soc., 1894, 56 ,286 ; 
Sohneider, Annalen, 1890, 257 ,A>9 ; Saban^eff, J. Buss. Phys. Chem. Soc., ’889/2f, 515 ; 
Grira&uxf Com ft.'rend., 1884, 98 , 105, 1485, 1578; do la Source, Cotnpt. rend., 1880, 
90 , 1352. , 0 

Doerinok^l, Zeitsch. onwjf. Chem., 1910, 66, 20. , 
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Ferrifes, MFeO a . 

Ferric oxide unites With many bases to form •ferrites, to which the 
general formula M 2 0.f’« 2 0 3 , or MFep 2 , is given. Thy free acid HFeO a 
possesses the sanfc•empirical formula as tjie monohydrutc of ferric 
oxide, FejOj.HjO. , • 

Ferrous add, IIFc(5 2 , is obtained Hy tlie aetijm of water on 
sodium t ferrite, IJaFcO,, It has the same crystalline form and trans¬ 
parency as the sodium salt, but differs front Goethiti* in that it 
begins to lose water Hehnv 100 “ t’., \flVreas (loetlnt* is stable even 
at 300 c ('. • • 

Calcium ferrite, Ca(Fe0 2 ) 2 , is ijfgnjcd as deep re<l or nearly blade 
crystals 2 by heating togothcwfcrric (feidc and calcium oxide, t • 

It ab;i results on adding lifnewater to a neutral solution of ferric 
chloride and igniting the resulting brown precipitate . 2 It appears to 
dissociate* at its matting-point. A basic ferrit#,’ Ca(FeO,) s .CaO, is 
produced as black crystals on heating ihiely |)owdcrcd ferric oxide and 
calcium carbonate at temperatures considerably below 1385° ('. Three 
other basic I'erriWs have been described , 4 namely (.‘a(Fc0 2 ) 2 .2Ca0 , 4 
2 Ca(FeO*).,.CaO, J and 3('a(Fi*0 2 ) 2 .*2Ca0, li but. the existence of these 
has been disputed . 2,11 • * 

Cobalt feriltf?, Co(FcO,,),, is obtained by addition of normal sodium 
hydroxide solution to a mixed solution of cobalt nitrate any) ferri# ** 
chloride, and igniting. It is a black powder, magnetic when cold, but 
non-magnelie above 280“ to 290° V . 7 . 

Cupric ferrite, (ji(Fc0 2 ) 2 is obtained 8 by adding black copper 
oxide to neutral ferric chloride solution, and igniting. It also results 0 
by healing copper oxide and ferric o.xidi to a high temporaluty‘, the 
ferrite being separated from mieombined oxide hy making use of its 
density amfmagnetic properties. It, is strongly magnetic. • , * 

Cuprous ferrite, CuFeOj, occurs in nature asjiie mineral dclnfimite 
(see p. 20). It is not magnetic, is easily fusible, and readily soluble i*. 
hydrochloric or sulphuric acid. ' Tile,crystals are tetragonal, possibly 
isomorphous with the sodium salt . 10 It is obtained artificially by 
melting together cuprous and ferric oxidfsjn a eurreht of nitrogen. 

It then results as a crystalline mass, fajutly lflagnetie. 11 * 

• “Ferrous ferrite, Fc(FeO a ) v is mon» commonly blown iuin»ay^ 5 jj,tc, 
iTjO/fsee p. 12). , 

Magnesium ferrite, Mg(Fep 2 ) 2 . occurs *n nature as magriesio-J'errite 
(see p. 15) and crystallises in the cubic system. It piay b^ prepared in 
crystalline form jjylicating ferruginous yiugncsia to redness in ^ current, 
of air and hydrogen chloride.* It also results whtyi soditpn or potassium 
hydroxide is addec^ to a solution of niajyicsiym sulphaUe and* ferric 

1 van Beinmelen wid Klobbio. J. prakt. ftAo/i.,.1892, L2} t 46, 497. 

3 SoHiimn ami Mcrwin,./. \Yamiwjwn Acad. Sci., 19H), 6, 532. 

3 List, B(r . 1878, ii, 1512.* . 

4 Hil|K*rt and KohJmeyer, lierf, 19011, 42, 4n#l. 

“ Campbell,./. hid tiny, ('hew., 1915, 7, 835. 

8 Campbell, %,d , 1919. II, 110. ♦ 

7 Klliot, Mayn(hr Combi nahom ((iottingon, 1802); Hilj«*rt? tier., 1909, 42, 2248. 

8 List pBrr .~ 1878, ii, 1512; HifjKTt, 1 bid., 1909, 42, 22\$. 

* Walden, 1. Amrr. Cheat. Sue., 1908, 30, 1350. 

Rogers, sltner. J. Set., 1913, (4), 35, 290. 

Hilpeft, Ber„ 1009, 42 , 2248. 
vol. ix. : i(. - ** 
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chloride, and the precipitate ignited . 1 It is then obtained as brown 
magnetic powder. < r 

Nickel ferrite, Ni(Fc0 2 ) 2 , is obtained on' addition of potassium 
hydroxide to a, mixed solution of fa nickel salt c and ferrifi chloride,* and 
igniting. It is.a brown substance', strongly magnetic. , 

Potassium ferrite, KFc0 2 , is prepared in aq analogous manner to 
the sodium salt (vide infra),* but crystallises iiTregular ofctahedra . 3 

Sodium ferrite, NaFe0 2 , is’obtained 1 * by.cyntinued heating of ferric 
oxide in copccntratedi.sodium hydroxide solution, and by heating ferric 
oxide with fustd sodium caHbemate or chloride, 'flic salt crystallises 
in hexagonul plates, which, when treated with water, yield ferrous acid, 
'HKpOj. 

Zinc ferrjte, Zn(FeO t ) 2 or Znf).Fe 2 O s , occurs in nature as frank- 
Unite (see p. I t) and may be artificially prepared in the laboratory in 
a variety of ways , 6 such, as by fusing an intimate mixture of the sul¬ 
phates of sodium, s!i«p, and ferric iron at cherry-red heat, and extracting 
the melt with boiling water. i\ny basic zinc sulphate is removed with 
dilute acetic acid. Crystalline zinc ferrite also result* when zinc 
chloride is heated in moist, gir with ferric chloride or hicmatite. The 
zinc chloride may be replaeed by tin' corresponding fluoride.'’. 

As obtained by these methods crystalline zinc ferrite closely re¬ 
sembles the natural franklinite. If crystallises in regular octahedra, 
4 >mall crystals being reddish brown and translucent, whilst the larger 
, ones a!’e opaque. Their hardness is 0-5 and density the corre¬ 

sponding values for the mineral being II 5-5 to fi-5 and I) 5 to 5-2 
respectively". The crystals are not magnetic, are resistant to heat, and 
are but slowly attacked by acids. The natural mineral is magnetic, 

but this is attributed to impurities . 0 

u 1 

> ' Verrntes, M 2 FeO... 

Although the dioxide Fe() a has not been isolated , 7 certain compounds 
of it with busjc metallic oxides are kndun, and designated as ferrates. 

Barium ferrate, IiaFeO,, is licsl produced by heating a mixture of 
ferric and barium hydroxides to 000 ° ('. in a current of oxygen . 8 It is 
a friable, black, amorphous substance, stable up to about (i'jO° C. Cold 
Water (opposes it slowly, warm water somewhat more rapidly, with 
eVijftffum of oxygen Acids readily cffef’t its dft'ompositiim, yielding 
l^arium and ferric salts, f f hydrochloric acid is used, free chlorine 
apd oxygen are simultaneously liberated. 

1 Unit, fin., XI, 1512. 

* Cist, for. at. " 1 ■ , •• 

s v#n Bemirtelep and Klopbic. for. eit. 1 

4 Sohaffgotsfh) Ptnj[i Anniiten, 1H.‘17. 43 . 117 ; ISnlm Horstmar/d. prakt. Chan., 1862, 

340 ; .van Bdxnmelen and Kfobbie,./ pntkl. CFtenf.,d892, (2), 4 ^, 497. 

4 Ebelmcn, Ann. Chim. Phy»., 1851, (3), 33 , 47 ; llaufirde, Oomph rend., 1854, 39 , 135 ; 
List, Ber., 1878, 31 , 1512. ' c # 

„ 4 Go rend., 1887, 104 , 540. 

1 See Mtfnehot and Wilhelms (Ber., 1901, , 34 , 2470; Annalen, 1902, , 325 , 105), whose 
experiments suggest the formation of Fe,O fi . The action of hydrogen iieroxido on ferrous 
chloride, ferrous or ferric hydroxide, or ferric chloride results in the formation of a pale 
red substance which is very bistable—so much so that its composition cannot be estab¬ 
lished With oevtainty. It may Tie FeO s (Fellini and Meneghini, Gazzettt 1 , 1909, 39 , i. 881 ; 
Zcitsck. anorg. Chem., 1909, 63 , 203). . ,, 

, ' Moeser and Borok, Ber., 1909, 43 , 4279. 
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Stro&tium ferrate, SrFeO,, is produced by evaporating to dryness 
» mixed solution of ferric and "strontium nitrates, and heating in a 
current of oxygen to temperature not exceed'ug 600° C. until no 
more oxides or*nitrogen,are evolved.* It is also procjuocd by suspend¬ 
ing freshly precipitated ferric hydroxide in § concentrated.solution of 
strontium hydroxide,, and heating the resulting brftwnish preeipitatg 
to 800° C. It Vesembles the barium salt. • 


Perferrates, M^e0 4 . 

Attempts to' prepare iron trioxide have hitherto proved abortive, 
but compounds of this oxide with l^sie metallic oxides are known, una 
designated as perferrates. , • , 

Barium perferrate, 2 BuFc 0 4 *1I 2 0, is obtained as a purple precipitate 
on addition of barium chloride to a solution yf the calcium salt 3 or of 
barium chromate to ij solution of sodium perforratig* 

Mari (Till perferrate is the most stable salt of the series. It is in¬ 
soluble in witter, and its suspension in water may be boiled without 
decomposition. 1( is practically unaffected by dilute sulphuric acid in 
the cold. Apart from this it isireaefily attacked by acids, even carbonic ; 
dilute hydrochloric or nitric ycid decomposes it instantly, yielding salts 
of barium andiron. 5 When treat Al in the cold with voity dilute hydro¬ 
chloric acid, i»hlorine is evolved and the solution assumes a red coiouj^— 
probably due to the presence of the Ijc0 4 ' ion. 1 * Acetic acicf reacts 
similarly. On boiling, the solution evolves oxygen, and becomes 
colourless. * * 

The composition of barium perferrate is proved iodometrically by 
means of the reaction 5 

V# 

2BaFcQ 4 + 8KI + 18HCl==2BaCl a 1 2Fe(’l s 4 8KC1 i 811,0^-41,, . 

• 

(Jalcium perferrate, CaFe0 4 , is obtained by adding ferric chloride 
solution to bleaching potvder, and boiling. 3 It is soluble in water. 7 ~ 
Potassium perferqate, K 2 Fc0 4 , may be prepared in a variety of ways. 

It results when chlorine acts on ferric hydroxide suspended in potassium 
hydroxide solution:— • , * 



t . . 2Fe(OII) 3 |-10KOH+3Cl 2 =2!x 2 FeO 4 + (iKt'l 1-SlIjO^ 

Tie cHlorine in the afSovy reaction may be replaced fiy ozone , or sodium 1 *" 
hypochlorite. 9 t • , 

On adding a piece of potassium hydroxide to ferpe chhyictb solution 
in a test-tube, together with a few drops of bromine, a brown, mass is 
obtained which dissolves in ftuter, yie-yiiig the iptensifjcd colobr char¬ 
acteristic of po'tassijim perferrate. 10 . • 

Potassium perferrate crystallises ftom lhe*warns solution in* micro- 

• • , • * • 


1 Moeser ami Borek, Ber. % 1909, 42 , 4279. 

1 Rose, Pogg. Annalen , 184& 59 , 315. • 

* Bloxam, Chew. News, 1 880 , 54 , 43. *• 

4 Roaell, JL Amer. Chan. Soc., 1895, J 7 , 790. 

6 de Mollma, Ber., 1871, 4 , 826. 

* Baschieri, QazzeUa, 1906, 3 <L li. 282. 

? N$t ituJSlubk , as stated by Fremy. 

* Mailfert, Cqmpt■ rend., 1882, 94 , 890. 

* Foi$te% j fyr., 1879, 12 , 849. 

i# Bloxam, Chan. News, 1888*54, 43 ; Moeser, Arch. Bh&rm., 1895, 235 , 521. 
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scopic black prisms or sha^jf pyramids, and* is •isomorp'hotis with 
potassium sulphate, sclcnatc, and ehoomate . 1 I The solution is stable, 
and may be kept lop days without decomposition,* j)artieularly if a 
small quantity .of a mineral salt jf> present, ^eids, amfnoniaeal salts, 
and reducing audits readily effect Its decomposition*’ 

Sodium perfevate, Nii.FoO.,. may be prepared in an analogous 
fuanner to the potassium salt already described. It also results when 
ferric oxide is fuVd with sodiflm peroxide and the cook'd mass treated 
with iee. Sodium perferrate then passes into solution .- 1 

Strontium p*>fferrate, Srl*'i0 4 , is obtained 4 by double decomposition 
of Ilie potassium sail and a«sat uratrd, neutral solution of strontium 
tiromide. The preeipitale is washed with alcohol and ether. Obtained 
in this qiatmcr, I lie strontium ferrate is nyl pure, but eonlains admixed 
ferric oxide. It is deep red in column slightly soluble in water, and 
readily decomposed by aeids. It is useful for preparing aqueous 
solutions 4 * of the phjferralcs of the less common alkali metals, lithium, 
riilndiiim, eiesium of ealeimiuuid magi’esium. 1 

IliON.ANI) SULlMldli. « 

Subsulphides. Sew rid siqiposodly sidisulphides of iron have been 
described fronf lime to Inin . namely Fr S,-’ Fc.N,”and I*'<*,SThe hist- 
mamed is produced when iron is heated in an Htmosjibrrc of carbon 
disulplfidc\upour, at 131)0" In .1100' and allowed to cool in I he di¬ 
sulphide vapour. 7 It is a crystalline body of density (JfXj. and soluble 
in dilute mineral aeids ewihing hydrogen sulphide and hydrogen. 
It does not alter when exposed to air, and is oxidised only with 
dillieulty. 

Ferrous sulphide, FrS, occurs m nature as (lie mineral tmilile (see 
fi. 23), which is I'nund in nodules in the majority of meteorites containing 
iron. tVlicu crystalline it appears to belong to the hexagonal system, 
Jtid Ips probably been formed ill the presence of excess of iron . 5 * it 
may be obtained by the direct union of iron and sulphur at red heat. 
If the iron is in the form of tilings and is intimately mixed with 
the sulphur, Ike mass heenjnes incandescent when once the reaction 
has been started. SyntlJ'tie iron disulphide, heated above TOO 1 ’ is 
convert eij.i.ipto ferrous sulphide. 1 ^ . « ( 

' 1 VfTicit iron pyiiles, FeS,. is heated to'bright redness in the absentee 
of air or in hydrogen, d yields ferrous sulphide . 10 In crystalline form 
ferjous sulphide is produced by passing hydrogen sulphide over fcVrous 
oxide at liighi temperatures " or over metallic irox at dull nd heat . 12 

1 Retgors, ZeitshTi. fi/n/.nK.d. ('/uni., 1 *32, io, ;\I9. , 

* beqjuun Smifji’" •■lati'iiijint Mm/.. 1813. (3), 23, 211) that it, turns green on 

standing is incorrect (IVsoll. ■I'. Amir. Cli'tin. tine., 1893. 17, 7flu) 'Smith was misled by 
his solution contihiiing manganese as An imfuiritjt, » . 

3 Host'll, Inc. cit. • v 

* Eidmnim nisi Moosor, Her., 1903, 2642290, 

. 3 Arvf^dron, I’ntjtj. Anmtlen, 1821, l.Jrl. 

0 Ibid.. i>: SOti. 

1 (laiitior amt Haltojic^u, Coni/it. rciid., i Hie), 108, Stilt. 

!l Linoh, Her., 1 still, 32, ssp 

3 Gedel, Chew. Zenle.. 1906, II., 4 to, from J. Omebeb nrhlimg, 1905, 48^400.*' 

lu She Host; Prnji). Animlen, l*S25, 5, 533 ; I’lattner, 1 'hid., 1S39, 47, .189; Sehaflgotsch, 

ibid., 1840, 50, 533 ; Loebe and Becker, Zcibsch. anorg. (In in., 1912, 77, 391. 

_ 11 Sidot, Oemjit. rend., 1*808, 66, 1257. 11 Lorenz, Ba‘., 1891 , 24 ,* 1604. 
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If iron wire is used closed in a buncSI to the hydrogen sulphide, it 
readily becomes encrusted with tiny crystals, silver-white in appearance 
when first prepared. Tjje crystals 1 2 are regarded ns belonging to the 
hexagonal sysrem. # , . 

't'bc same reaef»)ft appears to hik£ place at the ordinary temperature 
when iron and sulpjuir are brought into contacts under enormous, 
pressures, nantcly of the ort^r of 0500 •atmospheres. The product 
resembles ordinary fcrroiuj sulphide in that if is hmfmgcncous under 
the microscope, and evolves a continuous st remit of hydrogen sulphide 
when immersed in tliluk- sulphuric aciil.5• 

Ferrous sulphide Itas a bluish black appearance. reminiseent*of that, 
of magnetic oxide, but it is not m.-jguctic. Density FG7. It is stabli* 
when healed in hydrogen or»in the absence of afr, but when healgd in 
air it readily oxidises to ferrous sulphate, whilst at red heat all the 
sulphur is expelled, red ferric oxide remaining. 

When-exposed togjteam at red heat ferrous sulgfiide is decomposed, 
yieldingliydrogcn, hydrogen sulphide, and ferroso-ferric oxide . 3 'I'luis : -- 

# 3FcS f-illjO -sFe.,0, | tilLS | II,. 

At highej temperatures sulphur diftxide and sulphur are also formed. 

When heatt'd in a current of ehlormc, lerne chloride and .sulphur 
chloride distil »ver . 4 • • 

When heated in a sealed tube at 150° to 200 ’ C. with I hionyl chloride^, 
ferrous sulphide is oxidised to ferric chlgride. Thus :-- 5 * • ^ 

OFeS I 10SOC1, =«FeCI 3 -|-8SO r | 7S 2 CI 2 . 


Ferrous sulphide is reduced when heated with manganese, yielding 
metallic iron 


FeS j Mn MnS : Fe. 

* • • 

the reaction being exothermic. This reaction is of great* practieal 
importance in connection with the dcsulphuris;i4ion of sUcl. 1 * Liquid 
ferrous sulphide freezes at 1171 t ’., 7 8 * and melts a! 1 187 (‘* 'life hctfP 
of formation of ferrous sulphide ITom ironVmd suljflmr has been 
determined as 

• 

| Fe] -j- [Sj ~ | FeS ] f 2j^,070 (Vlones . 0 • 

[Fe] -|-1S| ~j FeS] j- calories . 10 11 JM 

When heated to abtJut ISO'’ (’.. botii ordinary commercial ferrous 
suljThidc and meteoric troilittmndcrgo a p<?lyniorphic change ^* 1 and, Oil 

1 Groth, see Lon*nz *loc. at. , Linek, Jler., 180!), 32 , 881. * 

2 Spring, Ber., •1883, 16 , 991). * * • 

3 Gautier, (Johipt. rend ., 1909, 142 % 1465 ; *1901, 132 , 189; Iu%n«iuU, Ann. Ckitn . 

Phtjs., 1836, (2), 62 , 37* * * 

4 Rose, Fogg. Annalen, 1837, 42 , 510. * • 

6 North and Conover, J. Ami*. Vh«n. »Vdh, 19T.5, 37,*2480. 

8 See this volume, Part III* • 

7 Friedrich, Metallvrgie , 1908,5, 23 , 50 ; 1#07, 4 , 479. • 

8 Blitz (Zeitsck. anorg, Chem., 1908, 59 , 27%) heated precipitated ferro” 4 * sulphid^ in 

nitrogen and obtained the value 1197° J-2 f • 

• Parravano and de Osaris, Cnzzetta, 1917, 47 , i. 144 (fo^ reduced iron), llerthelot 
found, for the precipitated sulphhty 24,000 calories, and Thomsen 23,780 calories. 

10 Mixter, Amer. Sci., 1913, (4), 36 , 55. • 

11 Le Chatelier and Ziegler, Bull Soc. Encouragement Inti, 1902* p. 318 ; Tfeitschko 
and Tammaifn, Zeitsch. anorg. Chem., 1906, 49 , 320; Rinne and Boeke, ibid., 1907, 

53 , 338 . 



134 « IRON AND ITS COMPODIpS. 

cooling, a break in the cooling etfrve is observed at this point. ' Synthetic 
ferrous sulphide which does not contain any excess of free iron exhibits 
no such break, although with 7 per cent, of^frec iron the transition 
point is very njarked at 138° ('.. ijnd further addition of iron docs not 
change it . 1 It .appears, therefore*that the exeess»rp* iron eatalytically 
assists the ehangu in the Vase of synthetic ferrous sulphide. Troilite. 
on the other hand, does n<*t contain excess 6 f iron, Mit possibly its 
carbon content behaves eatalytically in an analogous manner. Ferrous 
sulphide, stable at ordinary temperatures, is thus known as the a variety, 
that above 130 being termed the f} variety. When heated to 298° @. 
a second polymorphic transformation occurs . 2 - 
r As ordinarily prepared, ferrous sulphide readily dissolves in dilute 
sulphuric or hydrochloric acid, evolving hydrogen sulphide--a reaction 
that afffirds a convenient laboratory > method of preparing the gas. 
When pure, however, ferrous sulphide dissolves extremely slowly in 
the cold acids. TIP; presence of free iron acts as pm accelerator of the 
reaction, the nascent hydrogen produced,.by its solution in acid effecting 
the reduction of the adjacent particles of ferrous sulphide to hydrogen 
sulphide and metallic iron . 3 , 

Hydrated ferrous sulphide, FeS.Aq., is readily obtained a« a bulky 
black precipitate on adding an alkali sulphide to a solution of a ferrous 
salt. If a ferric salt is employed, it Is reduced to the fewous condition 
with simultaneous precipitation of sulphur. Thus :— ' " 

Fed 2 | (NII< 5 ) a S —FeS + 2NII 4 CI, 

2F('CI 1 -(3(NU i ) 2 S — 2 l , VS| 0 NII,CI -)S. 

Hydrated ferrous sulphide is slightly soluble in water, yielding a greenish 
solution. From electric conductivity measurements its solubility has 
beeiyaleulated ' as 70-1 xl0~" gram-molecules per litre. 

, herrous sulplpdc is insoluble in aqueous caustic soda* or potash, 
although the mixture of ferrous sulphide and sulphur formed on adding 
ammonium sulphide t< ferric chloride yields a dark green solution/ 

"" Addition of dilute acid causes the .evolution of hydrogen sulphide, 
a ferrous salt.'passing into solution. For this reason ferrous sulphide 
cannot be completely precipitated by passage of hydrogen sulphide 
through a neutral solution of a ferrous salt of a mineral acid, as the 
reaction is revetsiblc. according Co the equation :— , , 

---■“■■■' * FeX III 2 Js- — FeS-j-11 2 X. ' * ‘ 

, In acid solution —for example, sulphuric acid—no precipitate is 
obtained Unless the,pressure of the hydrogen sulphide is increased. The 
greater the concentration of thy acid the higher must, be the pressure 
of the hydrogcup.ulphiflc . 8 f , ‘ 

Ferrous sulphide may. however, be* precipitated from solutions of 
ferrous Salts Inrlic proserice of sodium acetate—a fact 1 that was known 
to “Gay-Lussac*—and even^from ferrbus acetavy in the presence of acetic , 
jcid, and from solutions of iron in^eitric or sucVinic acids . 7 

r 1 Riniyj and Boeko, !oc. rit. 

* Loebo ahd Beeker, Zcitsck. anorg. Chem., i 912, 77 , 301. 

8 Lipschitz and Haaslinger, Monatnh ., 1905, 26 , 217. 

* Weigel, Zcitsch. phy*iknl.*fhem., 1907, 58 , 293. % 

8 Konsohegg ,and Mnlfatti/Z^iforA. anal. Chem., 1900, 45 , 747. , ” 

8 Padoa a Ad Carnbi, Atti R. Aecad. Lincti, 1906, (5), 25 , ii. 787 ; Bruni and Padoa* 
fori,1905, (5), 14 , ii. 525. , H * 

* Winderlith, Zeitsch, ptiysikaL Chem, Unterr., 1917, 39 , 254. 
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FerrtnA sulphide is oxidised by •acidulated hydrogen peroxide 
solution, yielding ferric sulphate or hydrolysed products of this salt . 1 
With ammoniuc&l zinc chloride no reaction occurs at the ordinary 
temperature, hut at 160* to 170° C. in a sealed tfi'>e ferrous hydroxide 
and zinc sulphide-jpp produced . 4 I . ' 

Ferrous sulphide unites with other metallic sulphides to form 
stable double compounds. Many of tliesi;occur in nature as mineral*, 
a few of the more important being pyrrhutitc or /magnetic pyrites, 
5FcS.Fc 2 S 3 (seep. 23) ;* Pentlandite, 2l‘VS.Ni.S ; marmatite^ FeS.iZnS; 
fyid Daubreehte, FeS.CjjS,. # , 

These and othfr more or less stable .sulphides have been prepared 
in the laboratory. Thus 8FcS.2MnS is formed when ferrous and 
manganous sulphides are fused Mother. It, melts at 1662° and 
forms solid solutions in all proportions with manganous sulphifhv' * 
FcS.CijSj results 4 on heating a mixture of iron, chromium hydroxide, 
and sulphur, as a black insoluble compound.• » 

FeSfAl 2 S ;1 5 results when .ferrous ^ulphidc of pyrites is reduced 
with metallic aluminium. Thus: 


4FeS+2Al =FcS.Al,S a -f 3Fe, 
and 2 FeS, -f ‘Ml --TVS. A l 2 S 3 4 Fe. 

On mcltiift gold and ifon together in the presepee of sulphur, 
FcS.AujS is olAained.* 

A study of the freezing-point curves for mixtures of I'cnjpus w&" 
cuprous sulphides appears to indicate the existence of three compounds, 
namely: — ... 


2Cu 2 S,FcS, which is stable at. all temperatures below the freezing- 
point ; 

8 Cu 2 S. 2 FcS, which undergoes a change at 180° to 230“ foetallic 
coppef being set free, and a product rich in sulphur remaining; * 
2Cy 2 S.5FeS, which breaks up into the first compound and frdc ferrous 
sulphide at tempefatures between 500“ amrOOO 0 0 , 7 # 


On calcining sodium thiosulphate with ferrous oxahitc, Na 2 S. 2 FeS 
is obtained as bronze-coloured prisms.* The corresponding potassium 
compound, K.S.Zl'VS, is formed on reducing potassium ferric sulphide*. 
jCjS.t'ejS.,, with hydrogen; or by heating "iron (1 pifrt) with sulphur 
{5 purts) and potassium carbonate parts). Itfyields^mllc.-sbapejl 
crystals or thick tablets, resembling potassium permanganate in 
appearance . 9 • • • 

Ferrous thio-antimonitc, 3FeS.Sb 2 S H , or Fc 3 Sb 8 S 6 , i* dbtaiiuA on 
precipitation ferrous salj, witHi potassium thio-antimonitc (sgc p. 194). 
Hydrated, ferric sulphide, 10 F<^S 3 .Aq., i* readily produced by 


1 Hem&ndoz, Anal. Vis. Quhn.f 1908, 6, 470. • 

• Stokes, J. Amer. Chem.. »S'qp.„1907, 29 ,304. • 

8 Rohl, Iron Steel Inst. Carnegie mem., 1912, 4 , 28. L 
4 Groger, Sitzungsber. K. % lead. Wise. IJ’ten, 1880, (2), 81 , 531. 

6 Houdard, Compt. rend, 1907, 144 , 801 ; «Pitz, Mrtallurgie, 1907,* 4 , 780. 

• Maclaurin, Trans. Chem. Soc., 1890, 69 , 1269. , * 

1 Bomemfnn and Schreycr, MetalluAjie, 1909, 6, 019. 

8 Brunner, Arch. Sci. Phys. Nat., 1865, 22 , 08. • 

• Sdhneirjpr, Pogg. Annalen, 11869, 136 , 400; Preis^/. prakt. Chem., 1869, 107 , 10. 

8 ee also Malfatti, Zeilsch. anal. Chem., 1909, 48 , 352. 4 • • 

10 The literature dealing with this substance contains many conflicting statements. 
The data*here givetf appear to be well established, however « 
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treating moist ferric hydroxide *(or the hydroxide suspended" in” water) 
with hydrogen sulphide :— 1 * , 


2Ff(0H) 3 +3H 2 S=Fe 2 S 3 +3H 2 0. 

It is thus produced during the commercial puriiiq-vtion of coal gas 
from sulphuretted, hydrofjbn.* In the laboratory preparation of the 
* pure substance the reaction .should be continued for several hours in 
the absence of Air, the precipitated sulphide being black when the 
reaction is complete . 3 . 

A precipitate of ferric sulphide is also obtained when ammonium 
sulphide, is added to a solution of a ferric salt, the alkali remaining in 
excess . 4 * If, however, the ferric salt is present in excess, the precipitate 
appears to consist of a mixtureoj; ferroigi sulphide and free sulphur. 
As obtained In? either of the foregoing methods, the sulphide is hydrated 
and unstable in air. Dilute hydrochloric acid decomposes it completely 
into ferrous chloride, with evolution of hydrogen splphide und.a simul¬ 
taneous deposition of sulphur. ,,VVhcu bailed with water it yields ferric 
hydroxide and hydrogen sulphide. 

In the moist condition in the absence of air, or jn the presence of 
excess hydrogen sulphide, feme sulphide is transformed into a mixture 
of disulphide and ferrous sulphide : , 

' Fe 2 S a =FeSj-f- FeS. 


""This transformation, which takeij a week at the ordinary temperature, 
may be effected in a few hours at 00 ° C. Upon exposure to air in the 
presence of alkaline substances, ferric sulphide becomes light yellow in 
colour, and sulphur is deposited. 

Anhydrous ferric sulphide, Fc 2 S „ is obtained by exposing 1 he hydrated 
compound in a vacuum over phosphorus pent oxide. It is then pyro¬ 
phoric if suddcnly.brought into the air; otherwise it, is quite.stable. 

Anhydrous ferric sulphide is produced in massive form by gently 
heating iron and sulphur together. As obtained in this way it Is a 
jffllow, nou-magnetie mass, soluble in dilute mineral acids, density 4-1. 

Ferric sulphide yields'stable compounds with the sulphides of certain 
other metals. ..Some of th^se occur free in nature. Thus cupper 
■pyrites is generally regard'd as (’u 2 S.Fc 2 S 3 (see p. liarnhnrdtite, 
2Cu 2 S.Fe 8 Sp (s ee p. 23); Cuban Hie, CuS.Fe 2 S s (see p. 24). • <- 

These "ifo amongst the best*known. Other more or less stabll 
double sulphides have bet-n prepared in the laboratory. 

1 Potassium ferric sulphide, K 2 S.Fe 2 S 3 <fr K 2 Fe 2 S 4 , may be obtained 6 
by Seating together*iron and sulphur with ])otassium carbonate. The 
sulphide ;is extracted with watlr, and, upon coneentVation, purplish 
needle-shaped crystals are obtaint-d, of density 2 - 8 ( 1 . These are com¬ 
bustible .when) le rated in, air, but are reduced to* a, black mass of 
K a S. 2 FeS or K^Fe 2 S$ upoiygnikion Lu hydrogen. 

Sodlufh ferric sulphide, Na 2 S.Fe 2 S 3 , may hf obtained in a similar 


1 Wright, Trans. Chem. Soc., 1883, 45 , 150; Malfdtti, Ztitsrh. anal. Chem., 1908, 
47 , 1$3. * . 

* See this series, Y T olume V., p. 93; Gedel, 3. Gasbehuchtung, 1905, 48 ', 400; Stokes, 
J. Amer. Chem. Soc., 1907, £ 9 , 3(H. 

* Rodt, Zeitsch. angew. Cke&i., 1916, 29 , (1), 422; 1 Mecklenburg and F. odt , 4 ZeitecA. 

anorg. Chem., 101$, it 2 , 130. < 

4 Stokes, toe., cit. , 

4 Schneider, K Pogg. AnnaUt, 1869, 136 , 460; Brunner, Chem. Zenlr., 1889, It, 554. 
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manner* to the potassium salt, or by hAting four parts of sodium thio¬ 
sulphate with one of iron. 1 As obtained in this way, sodium ferric 
sulphide forms dark gre^i ucieular crystals, whiel^gradually disintegrate 
ypon exposurt to air, Jbceoming vqjuminous, and lin,j.lly a brownish 
bia<;k powder. ", 1 * 

When heated, sodium ferric sulphide is eonvcrtcd*into oxide. With , 
concentrated Itydroehlofie aeij it yiekls hydrogen sulphide, free sulphtfr 
being deposited. It is # in,solublc in wafer; but, whefi boiled with an 
aqueous solution of potassium cyanide, il yields potassium Cerrocyanide. 

• Sodium ferric Milplride occurs m tin** black ash '"•liquors formed in 
the Leblanc Soda l’rfiecss. 2 and a convenient wet method of pwidlicing 
it in the laboratory consists in nddgi" a solid ion of a feme salt to oxeesk 
of sodium sulphide solutioiv It afco results vflien excess c^' sojlium 
polysulphide nets on a solid ion'of a ferrous salt A 

The constitution assigned bv Selmeider 1 is : 

• « 

N'a- S S • 

• ' !'(• 

Na— S '« ' 

Cuprous ferrit sulphide, Cu.,$.l , V j ,S. l , occurs in nature as copper 
pyrites, fhalcopyrite, or tmcaiutc , and is one of the- commonest ores of 
copper (sec \t. gti). It is* tetragonal, possessed of a brass-yellow 
colour, and exhibits a conchoids! fracture. It is decomposed by nitric 
acid, and tarnishes upon exposure to air, frequently yielding Ijeail 
iridescent surfaces, a blue colour predominating. Masses of such 
tarnished ore are found in Cornwall, and are known a^ pcacc^k utc. 
The blue colour is probably due to I lie formal ion of a surface layer of 
cupric sulphide or eovilldc. CuS. 

Chaleopyrite may be distinguish!d from iron pyrites by its relative 
softness, and by the fact I lint with ndl'ie acid il yields a green sofutiqp 
which becomes blue on addition of excess of ammonia -rtiw.- of the 
characteristic reactions for copper. Illistcreil cupper ore is a botryoidal 
or reniform variety, with a smoplh brassy appearance. • •• 

Small crystals uftirtificial copper pyrites art*obtained* 0 by the action 
of hydrogen sulphide upon a mixlure of copper oxide and ferric oxide 
gently wanned in a glass tube. * . ’ «■ 

Copper pyrites may be obtaiiud iti Ihe laboratory’ll! the wet way 
1 £y shaking a wialdy ammpmaeal s»ilulion of eijprous chloride will) 
potassium ferric sul|>nid*' until the solut ion no longer contain. copper : -® . 

K a S.Fc 2 S ;l f ‘/CuCI --2KCI | CiqS.FmS.,. 

The crystals obtained art practically identical with the iiatnrwl copper 
pyrites. » , • * *• 

Another method consists in hegting .copper earli^ujite and ferric 
sulphate with water eontajning lyvdtogen sulphide. , '[lie reaction is 
carried out in a closed tube, anti the heating p'Vplonged for severtd days.’ 

The internal structure of eopper*j>yritcs, CuFeS a , lias been studied* 
by means of tlieir X-ray interferenee’plK nomena. 8 * 

1 Faktor, (Jhem. Ze.utr., 190,'., II., 12ill * Sts; t hi* scries, Volume II. 

8 Mecklenburg and Kodt, Zcitffh. anory. Chon., 1918,/ 02 , 190. 

4 Sclfncid*, loc. cit. • 

5 Doelter, ZetUch. Kryst. Min., 1880, II, 29. * * * • 

4 Schiyider, J. prakt. Chem., 1888, (2), 38 , 569. 7 Doelter, loc. cit. 

8 Burdick and Ellis, J. Amcr. £hem. Soc., 1917, 39 , 2518.• 
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Iron disulphide, FcS,, oceuA in nature as the mineral mitndic or 
iron pyrites belonging to the cubic system. Wlien broken it exhibits 
a conohoidal fracture. t It is pale brass-yellow in coloui^ and of hardness 
8-3 ; by both of these features it ip readily distijiguishablfc from copper 
pyrites, which is darker in colour ifttd softer (hardi*e|S 8-5—1). 

The word pyrites ((Ireeft ire/<, lire) was used by t he ancients to include 
rfuiurnbcr of minerals which •yield sparky vvhen'struek with a hammer. 
Iron pyrites is ffv-qm-ntly fouifd of botryoidal^spherical, or stalactitic 
form,’having been deposited from solutions containing jron sulphate 
through the agmifty of organic matter. For this reason pyrites is fro. 
quentlyifound in coal, and istknown to miners as brads or fools' gold. 
Most probably its presence assists Jhe spontaneous inflammability of 
coal, although it is mil such an' important factor as was at one time 
believed/ ' i 

Frequently fossils are found, particularly in London (’lay, consisting 
of pyrites, the deeajqng organism having presumably reduced sulphates 
of iron present in the infiltrating waters.. 

When pure the density of iron pyrites is 5-027 at 25* C.~ Nickel 
and cobalt are sometimes present, probably as isomorphous intermixtures 
of their corresponding sulphides ; eopper«may also be present^perhaps 
as chulcopyrile. Thallium, silver, and even gold have,been found in 
pyrites, the last-named in siillieient 'quantity to rcnder«the mineral a 
_profitable source of that precious metal, as, for cxanqric, in British 
Cfflumbta, where auriferous pyrftes is largely worked. 

From electric conductivity measurements the solubility of pyrites 
iif watt-r has'bi-en calculated as follows : - 3 


(Jrnm-molecules per Litre. 

Pyrites from Freiberg . . IK !) x 1(1 

Artificial pyrites .... Kl-dXlO - ' 1 . 

Aerated waters charged with calcium carbonate appear to decompose 
pyrites very slowly iti the ordinary temperature, yielding limonitc. 
Inus :— 4 

4FeS,+ 13*0, t 8lU) |-S('al2Fi,(>,.811,0 , Xt/aSO, 4 8CO,. 

, 

Distilled wi^er, in t Inf presence of air, slowly oxidises pyrites to 
ferrous sulphate and sulphuric aAid. . « 

* Sulphur monocltioridc has no action on pyrik-s in the cold, but 
effects its complete decomposition at 1 to ’ 1 

* ^noting- form of iron disulphide oeeftrs in nature as the miiferal 
marcasite ,* Which Jiossesses a radiated, structure mid is Fiequently 
found a3 irregular tialls on eltalky downs. When Irroken open the 
fracturg exhibit's a fibrous cryshallme*structure radiating from the 
centre—»wheiu-c4the name sadiaM.pyrites. < The fresh fracture is almost 
white in colour,• anil if quite pure, the, nviryasite would probably be 
quite till-white in appearance. 7 When pure,,its density at 25° 0. is * 


J Soe this series, Volume VII., where tfto subject is dismissed at length. 

* Allen, Crenshaw, and Johnston, Anier. J. Sri., 1912, (4), 33 , 109. 

8 YVeigel. Zeitsch. phtfvdrt!. Chtm., 1907, 50 , 293. See also Doelter, Vorni&A,, 1890, 
II, 149. , 

4 Evans. Min. Mag.. 1900, *82, 371. - * 

4 E. Smith, JS'Amer. Cheat. Sac., 1898, 20 , 289. 

* An Arabic or Moorish word. 

* Stokes, U.S. QtologicakSurvty , Bulletin 180, 1901.. 

» ' « 
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4-887. ** Jf&rcasite has in general a density of 4-68 to 4-85. It oxidises 
more readily than pyrites, becoming covered, upon exposure to air, with 
white fungus-like growths of ferrous sulphate. . 

When heated to 4jo° C. and upwards, man .isite .changes slowly* * 
into pyrites, but'fclfis change does dot appear to be reversible. 2 It is 
not accelerated by pressures even of 10A)00 atmospheres. but the change , 
increases in rfipidity with riy of tempernture, being accompanied % 
an evolution of heat 1 ijm| a decrease iit the electrical resistance of the 
mineral. 3 A.sample of mareasite on being (leak'd to 010 increased 
in density from 4-$k7 to 4-911, changed* iti colour, umfgnvc the chemical 
reactions characteristic of jiyritcs (see e*. 1 to). The density (*t011) is 
too low for ordinary pyrites (5-0ty^ but apparently that is due to tlfe 
porosity of the product obtained under the experimental eonjjitioss. 1 

Sulphur monochloride has Sio action on mareasite in the cold, but 
decomposes it completely at 110 ° l ’. 4 

In oixler to facilitate a comparative study of I he two sulphides, their 
more important chemical and physical properties are listed in the accom¬ 
panying table : — 



, f’yntcK. * 

MurcaniU*. 

Colour , J 

litass-v.llow 

White, 

Appearance; • 

Striated cubes or 

Fibrous, radiating. 

pentagonal dodeca- 
hedra 

• w 

Crvstal system 

Cubic 

Hiiombiu. • • 

Streak 

Greenish to brownish 

Greyish to brownish 


black 

biaek. 

Density range 

4-8 to 5-2 

4-7 to 4 8 . 

Density ,-^t 25' C. when 

5 027 

4-8ti7. , 

pure. 


• 

F»acturc .. 

Conchoid.il 

Uneven, radiating. 

Hardness (Mobs’ scale) 

0 to <j-5 

o to 0 5. FreqfientIJf 

• 

• • 

a trifle softer than 
pyrites. 

Hardness relative to 

182 to 100 * . 

134 to 140. «* 

, tqpaz ( 1000 ) 5 

• 


, Specific heat . # 

o-jyoo • 

0,1332. • 

Heat of combustion . 

1550 calorics • 

1550 calorics. 

Effect of heating to 

Stable * 

Converted into pyrites. 

450° C. 


Action of air • . 

More Stable than mar- 

ltcadily oxidises. 

• 

ci^sit e • , 


Action of causti# soda 

1 a;ss resistant . tljiyi 

Fairly ir-sistapL 

solution 

mareasite . 

* • . 

Action of nitric acid, 

k J Jisstilvcs completely 

Sulphur deposited. 

• density 1-4 e 

• _ _v_ 

• r 

- r 


1 Allen, Crenshaw, and Johnaton, A rurr. .). .SVi., 1912, (i), 33, 109. * 

* Allen, J. Washington Acad. Set ., 1911, 1, 170 ; Arlxhter^ 'hrm. Zenlr., 191.% I., 1933. 

* Ktinigsberger and Rcichenhgim, Seuu Jahrb., 1900* II., 30. 

4 Smith, F. Amtr. Chtm. Soc., 1898, 20 , 289. • t 

* Pttechl, ZeitxK Kryet. Min., 101 1. 48 , 872. IS WrminwJ by die voJtmio <i! m»teri»l 
removed Jjy« weighted diamond, the lower value* being obtained when the diamond wi£ 
weighted 20 gram*, and the high*: 50 grams, for each mineiW. 
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* • t f ' 

When pyrites and marcasit! are not distinctly •crystallised it is 
frequently dillieult to distinguish between them, as the foregoing charac¬ 
teristics are not clearly.discernible. A csmvcniyit chemical method has 
’ %>eon devised, however, which enable s a discrimination' to be made 
with certainty, 1 , ft consists in bailing the miner&FSvith iron alum, 
containing I gram of ferric iron and 10 c.c. of 2p per cent, sulphuric 
aPId per litre. The ]>roportion of siilphur/ixidised in the fuse of pyrites 
is 00 t |>cr cent. <V the total su1j)lnir contained,in the mineral : in the 
ease of marcMutc it is onjy IS per cent. 2 * The reaction may be considered 
as taking place m two stages, rimncly* , • 

FeSj f Fc 2 (S0 4 )., —SFeSO, -f ‘2S, 

0 Ke.,(SO 4 )t, | 2S-| 8lf,^Ll2F«frS0 4 I 8lI 2 S0 4 . 

A labile phase of iron disulphide occurs in nature under the name 
melnikuvile. It is a black,"linely divided substance which impregnates 
certain mioeenc days in Russia* and differs in many respects fi'om the 
black hydrated sulphide of iron usually found in black muds of lakes. 
In composition it, corresponds to the formula FeS 2 . IJ, is magnetic, and 
its true density is probably I -2 to t S. Hold, dilute hydrochloric acid 
readily attacks it, evolving hydrogen sulphide. It lias probably been 
derived from u nolloidnl deposit of an iron sulphide." , 

Laboratory Preparation of Iron Disulphide. In the laboratory iron 
dlStllpliifie may be prepared by several wet methods. Thus, it is formed 
when ferrous sulphide is boiled with (lowers of sulphur; and when 
Sofiinm* trisiifphidc is added slowly to a boiling solution of ferrous 
sulphate, provided excess of the trisulphide is avoided. Sulphur is 
simultaneously precipitated. 4 It is obtained also by boiling the freshly 
preoip'fated moiuisulphide suspended in water with sulphur in the 
"absence of.alkalies 5 ; by the action of sodium thiosulphate solution 
upon I'crtons sulphate 1 * ' in sealed tubes at temperatures even below 
100° <J t : - • 

tNa.,S.O., j FeSO, t FcS 2 *(-:iS | tNhuSO,; 

by the action of hydrogen sqlphidc upon ferrous thiosulphate," or on 
"ferric or fcrroiis r siilphatt'V by healing metallie iron with a solution of 
sulphur dioxide at about 200“ t"., 8 or phosphorus penta-sulphide and 
• ferric chloride ’; v < • 

* t (iFet l., | 2P t S;=»Fi< , l J +3yeS, rfl’SClj. 

c ■ * ... 

As obtained by these methods. the iron disulphide is usually either 

amorphous or curtsists yf a mixture of ipiihite crystals i‘\f pyrites and 
mareasitg. Hy prolonging tl^c reactions crystals eyn he obtained of 

1 "Stakes ter. rtf. < ‘ ‘ 

a For other reactions see Sttwea, ./. Atner. Cheni. Soc., MH)7, 29 . 307. 

s Doss, Jahrb. A' in., 1012, 33 , 002. 

4 v Sennrmont, *4 mt. ('hint. Phy*., 1 85 1 *" 32 , 120; 1850, 30 , 120; Compt. rend., 1849, 
28 , 603 ; RotUf, Zeihrh. angeu\ Chan., 1016, 29 .1 \), 422. 

4 Ko<lt, Mitt. K. Material priifungsamt, 1018, 36 , 03. 

* Allen, Crenshaw, and Johnston. .1 mrr. ./. Sri., 191 * > , (4), 33 , UiO. See j». 166, where 
this reaction is explained. *■ 

1 Feld, Zcitfth. antfne. Cheat., 10II, 24 , 200. 

* Geitner. Annalen, 1864, 129 , 350. 

, • GlaUel, Ikr. t 1890, 23 . 97. 
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sufficiefit size to render possible an examination under the microscope. 
By heating an intimate* mixture .of ferric oxide, sulphur, and ammonium 
chloride, Wohler 1 obti^ned small brass-yellow.crystals, probably of 
pyrites. , a 

Constitution <5£ fyrites- and Mafcasitc.- When ihareasitc is heated 
to 200° C. in sealed tubes with copper sulphate solution, the product 
contains iron*in thc*fenrolls jtate only. •Pyrites, under similar trerft- 
ment, yields about 20 jier cent, of its* iron in the ferrous form, the 
remainder bejng*ferric. It has therefore been suggested 4 that mareasite 
k represented by Jhe formula :l • • * • 

, H . 

K <\ I. 


or a poljyneride, whilst pyrites* is tFe'' S,.Ke' . 2 . 

Oil the other hand, both mareasite and pyritcj, when heated with 
excess bismuth ohloridc in an atmosphere of, dry carbon dioxide, 
yield onlyJyrous iron. 4 * 

Further, when heated to a red heat, m an atmosphere of carbon 
dioxide, pyrites 1<*>cs lialf its sulphur, and the residue consists of ferrous 
sulphid*. A similar result ii obtained when pyrites is heated at 300° 
to 100“ (A in .'fleam. 11 ■ , . 

From thesT.cxpcnments it would appear that the iron is present in 
both minerals ill the ferrous state. 1 ’ The evidence is thus sei.ii tojir 
eonllictmg and unreliable. 7 The heat o# combust ion ol tin t wo minerals 
is the same, namely 1350 calories." which suggests a siynlnr ^tatejif 
valency of the iron ill both, and thus lends support to the latter view. 
The heat of formation is likewise the same," assuming the iron to be in 
till' ferrous state. Some difference in the molecular structure of the 
minerals is to be anticipated, and Arbeikrsuggests the folffiwiii^ 
graphical fbrinuhe : * . 


,f'c Is 
’ N 1'V * 

(Pyrites) 


(Mart astir) 


Formation of Pyrites and Mareafite i a* S'atuie. »As has already 
Ticen nient ioued. iron disulphide is obtained ill hotlj crystalline v arieties 
* - pyrites and mariiisit,' by the action ot hydrogen sulphide upon a 
solution of ferric sulphate at, the ordinary tempenitiire. The reaction 
begins with the reduction of ferric sulphate to the fcrrouij siflt, with the 
deposition of siijplbir: ' • , . 

* Fe 2 (S0 4 )^|-II*S- 2feS() 4 i FIjSO, t S.* . 


• * • * * * 

4, 34, 22.1 ; 17,o,*. .V'' 1805, Jl, 120, 


131, 144, 


1 WdhK*r, Annalm, 1830, 200.# 

2 Brown, Proc. Amer. Phil^Sw., 1894, 

155, 171, 179. » • 

* 8 This formula was suggcstc-tf by Loczka ritrs ( Zcil->( It. Kry*t. Min., 1894,33, fiOl). 

* Plummer. ./. .4»»rr. Sue., 1911, 33 , 1187. 

5 Bencdekf Zeiterh. Kryst. Min , 1910, 48 , 4 47. 

8 See also Morgan and K. F. fyuth, •/. Amcr. i'fam Syt., i9ol, 23, 107. 

7 Stflkrs, be. cil. _ • 

8 Cavazzi, ZAtsch. Krynt. Min., 1900, 32, 515. 

• Mixter*.-!mpr. J. Set., 1913, (4), 36, 55. 

1 • Arbeitor, Chtm. Zenlr., 1913*1., 1933 
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1 t _ , 

This is followed by the fonmtibn of the disulphides/ if the reaction is 
carried out in a closed vessel where the hydrogen sulphide is prevented 
from oxidation or escape. ( , 

' FcS0 4 -f-H ! S+g=P’eS a +H 2 50 1 f, ' 

( 

At the ordinary temperature, this reaction is very slow, but at 200° C. 
it is fairly rapid.'- The durk deposit is microcrystalline. On carrying 
out the reaction in a pealed tube at 100° C! with a solution contain¬ 
ing 1 pyr cent. />f free sulphuric acid, marcasit/; is the only product 
Higher temperatures and reduction of acidity favour the production of 

e 's, distinct crystals being produced at 200° C. Iron pyrites is 
d in neutral or alkaline sohftijms, as,,for example, by the action of 
sodium ]'*>lysiSlphide on a ferrous sab. Marcasitc is not produced 
under these conditions. 1 The foregoing results are in harnfony with 
the observation thirty whilst, iron pyrites in nature is usually formed in 
deep veins from hot alkaline solutions, r?,iareasitc is produced near the 
surface from acid solutions. 2 

Thus a recent formation of pyrites has been observed at Karlsbad, 
in the well-known springs, which have a .temperature of about 55° C. 
The waters are faintly alkaline and contain dissolved sulphates and a 
trace of hydrogen sulphide. 3 Similarly the Tuscan lagoons are gradu¬ 
ally depositing pyrites, whilst the hot vapours of the Icelandic 
fuTnarolts are slowly converting the ferrous silicate of the rocks into 
pyrites.* 

* Certain ifiicro-organisms may indirectly facilitate the formation 
of natural pyrites and marcasitc by evolving hydrogen sulphide 
as a product of reduction of sulphates. A considerable number 
of IntMcrin, alga 1 , flagellata, and infusoria exhibit this kind of 
"Activity. 1 ’ , 1 

It is‘not. probable, however, that they are directly responsible for 
any lnjge quantity of p'yrite or marcasitc formation for several reasdns. 6 
Thus, for example, pyrites is usually formed at considerable depths, 
but micro-organisms are relatively superficial inhabitants of the soil. 
Again, pyrites is not infrequently associated with copper pyrites and 
"Tftialogous minqrals. which indicates the presence of copper in the 
original solutions. Now, coppcV is exceedingly poisonous to < moat , 
micro-organisms. Knally, marcasitc could hardly* be produced threat 
by micro-organisms, as the presence of free acid, which is a condition 
of 1 its formation, is fatal to organisms. • 

ft seems fairly \Vell agreed amongst geologists tint pyrites has also 
been fordied in certain eases by direct crystallisation from.rock magmas. 
This covld neverlinppeir with mardasite, howqver, owing tdits instability 
at temperatureseiimve 45KT 0. . " , 

Artificial esystali? of marcasite closely rcsymble the natural mineral 
in colour) lustre, and axial ratios. Thus :— „ * 


* Allen, J.. Washington Acad. Sci., 1911,1, 170; Stokes, loc. cit.; Allen, Crenshaw, 
and Johnston, Amer. J. ScL 1912, (4), 33, 199. 

* See Valla, Jahrh. Min.. 1'yS', II., Mem. 5. 

s Daubrde, Otologic exidrirm-nJaie (Paris, 1879), p. ttj. 

* Bunsen, Hogg. AnncUcn, 1851, 83. 259. 

* Beyerinek, Campl. rend., 1893, 116, 1494. 
k * Allen, Crenshaw, and Johnston, toe. cit. 
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I ® 

'■MU ‘ * Ax “ 1 4 R f' 0 - 

Natural 0 -7662 : ] : 12342 1 

do. 4 0-7623 : 1 : 1-2167* 

5o. • , ». . . 10-7580 : 1 : 1-2 >22 J 

Artificial . . . 0-7616, 1 : l-2j7(). 4 

• * • • » 

The striations likewise agree with rlipmbic rather,-thau with cubic 

symmetry. . • • 

The chief •commercial use of pyrites jineludiltg iqpreasfte) is in the 
iftanufacturc of sulphuric acid. 6 The {writes, on being roast c£ in air, 
yields sulphur dioxide and a residue of ferric oxide. Thus :— , 

4FeS 2 ->110 1 ,=thV 2 0 3 | 8S(5 j. 


A smSll quantity of sulphur trioxide is also formed, its proportion 
ranging from 01 to jjbout 8-5 per cent .' 1 * 

Maghetic pyrites or pyrrhptite is m mineral of somewhat variable 
compositioltt-anging from SFcS.luvS., to 9FoS.Fc,S,, and is thus inter¬ 
mediate between Jcrrous sulphide (IroiliU-) and iron pyrites. Some of 
the purest specimens yield ai> analysis closely approximating to that of 
ferrous sulphide. This is particularly the ease with specimens derived 
from meteorites, the excess of sulphur having perhaps been lost during 
the heating <rf flic meteorite. 

Pyrrhotite has been prepared 7 artificially by heating ferrous ehlorfde 
and sodium carbonate with water in a ride-barrel at 200 ° C. for 16 
days in an atmosphere of hydrogen sulphide and carbon Jioxicfe. 
The reaction proceeds easily between 80“ and 225° at, the lower 
‘’temperature, yielding hexagonal crystals, and at the higher temperature 
rhombic ones. '* 


In view-of these experiments it seems probable* that the naturil"*" 
mineral has been produced at a relatively low temperature from ferrous 
salt{i dissolved in water by the action of hydrogen sulphide on xJightly 
acid solutions of a ferrous salt. ' , t ( 

Artificial pyrrhotite has also been obtained by passing hydrogen 
sulphide over heated ferrous chloride, ,air Inning been previous ly 
expelled by passage of carbon dioxide 6 ; and by decomposing mar- 
«asitt*or iron pyrites with hydrogel^ sulphide at temperatures above 
J75°C. 8 The react>>n may lie lirst detected at abfmt this temperature 4 
ar^J proceeds fairly rapidly at 605 ‘ ( . 'I^lie mineral is not a definite 
compound, but in all probability a solid solution of sulpliur m«iron 
sulphide. 10 • , ( 1 

1 Prior, Min’, Mag., 1903, 13, 217., • 

* Getnachrr, ZciLsd ^ Krynt. itire, 1888, 13, 242. 

* Goldschmidt, tVinlcfltabcUcn {Berlin, 1HI27). 

4 Larsen, Amer. J. Sri , 1913. (4), J3, 216. 4 

1 Hee this scries, Volume V^ll. 

* Soheurer-Kestner, Compt. rend., 1H84, 99,917 ; isso, 100, o.ih. , • 

7 Doelter, ZctUch. Kryrt. ,0V.., IS88, I3.V124 ; Wcmschcnk, i/nd. , 1890, 17 , 409; 

Durocher, Compt. rend., 1851, 33, 823. • 

* Allen, Jr Washington Arad. Sn., ftill, I, 170; Allen, Crenshaw, and Johnston, 
Amer. J. Set., 1012, (4), 33, 109. 

* DoMter.doe. cil. * , 

*• Allen, J. Washington Arad. Sn ., 1911, 1, 170 ; Arbiter, Chem. Kenlr,,»1913,4., 1933 ; 
Habermetd, Jahrb. Min., 1880, 2 , Kef. 303 ; UndstrOm, 6fv. Alcad. Stockholm, 187S, 3 * 
No. 2 , 26 . * a • 
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The. following data arc inteifcstiiig as illustrating .the fall in‘density 
with rise of dissolved sulphur:-- 1 , « 





( 

c 

No. 

Total Sijljiflui. 
IVr < < nl^ 

f 

('aloulated FiS. 
«Por cent. 

Calculated i)|s- , 
solved Sulphuip 
Per cent. 

Density at 

4° a * 

• 


. 

* r 

• 

1 

Wili-72 

• 

« 99-59 

0 I 1 

-4-755 

3 • 

37 >r 

9S*(V4 

1 -90 ' 

-4-677 

5 ( 

38-51 

! 10*7.3 

3 27 • 

4-032 

’ 7 

38-St 

90-2(1 

3-7 4 

-4-019 

0 

••)!>-10 

95-2:! 

S 4-77 

-4-585 

10 

V 1/1.30 

93-90 

* 0-0 4 

4-520 



, 

_ . _ 

_ _ ____ 


The change from pyrile to |fyrrholitc-whcn heated in an atmosphere 
of hydrogen sulphide is represented by the reversible reaction:— 

l''eS 2 . KeS(S') 1 . | (J ,r)S, 


which is cmlotlpTiiiic in tho dircctioihof left to right, a liiurked absorp¬ 
tion of heal being evident at about (hi.')" at whiiti, temperature 
pjiritcsts traiislbrined into pyrrhotite. At .505 ('. ]>yrrhotite is stalilc 
in all atmosphere of hydrogen Sulphide, whilst at 550 C. it gradually 
passesciver into pyrites. The transition temperature is 11ms approxi¬ 
mately 505 t'. Pyrrhotite melts at IlH.'t ('. m a current of hydrogen 
sulphide. 2 

Tjji-re lias been eonsideralile discussion as to the crystal system to 
^jyhieli pyrrhotite belongs. It is generally regarded as hexagonal.' 1 but 
several investigators have concluded that it is really rhombic. J and the 
■suggestion has even Keen made that the miipral is monoehnie.. It 
stl'nis^iighlv probable that the mineral iieeurs in two varieties - namely 
a pyrrhotite, Which is rhombic ; and /} pyrrhotite. which is hexagonal 6 ; 
the a variety In lug produced from solution at a higher temperature 
““furi'ii 225" (’.) than the p Uii'va 80’ ('.). 

The axial ratios for the rhomhie variety vary between the limits , 


" • /. : ‘ „ ” 

0-5793 : 1 : 0-92(17 

<>■57!):) : 1 : (>-,9927. 

i ■ ^ 

whilst for the hexagonal varielvthe vr.lue.for c lies between 0-8632 
and 0-8*42. . i 

•Pyrrhotite,is readily distinguished f'ngn ordinary pyrites by its 



1 These data refer to (tie artificial |ir.»Iy*-1 (Allen, C’-ensltaw, anil Johnst-m, lor. cit.). 

? AUen. Crenahaiv, and Jelinstou, lor. r.f. 

* See liana. .1 Syil-m of .l/oieuiicgy (Wiley, 1SS1I). 

1 Stamp. Jnhrb. Mm. IS7S, p. 7(17 (e>-illlast Stroup, t hiil. 1882. t., 183); Vrba, 
Ztiln-h. Kryrt. Mm.. IS7II. j, lgu ; Kivnzel. Mm I’rlr. Mill. 1881. 3 . 297 ; von Saohsen- 
Ooburg, ibiil.. 1888, 10 . 4,">1 ; IS ills Znl.irh. Kiifit. Mm.. 1881. 9 , 111 )!); Nie il, ibi.l., 1890, 
31 , 53 ; KaiseV) (Vale. Mm., liKX., p. 2M. 

6 Larsen, .Lear. ,/. Sra, 1912, (4), 33 , 218. See also Weiss, Centr. Min., 1906, 
'p. S38. . « 1 
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softness, lf'5 to 4-5 (pyrft.es, 0 to 0-5), a*id by its crystal form and mag¬ 
netic properties. 1 Its specific he/it is 0 1539. 2 

The solubility of pyrrhotite in water, as calculated from electric 
conductivity iticasurcmckts, 3 is 5.3-6^: 10~* gram-molecules per litre. 

Oxysulphides o^iroif are not knotvn in 'nature; tfut. a substance, to 
which the formula Fe 2 O s .3Fc 2 S 3 is given, has brey obtained by the 
action of hydrogen Sulphide on ferric tucide at temperatures below 
red heat. 4 • •' 

Ferrous sulphite, F*S0 3 .3H 2 0, is obtained,by dissolving iron in 
njjueous sulpfiurotiS acid in the ubscnpt, of air. t'|«<yi conceytraf ion 
the salt is deposited tis colourless crystals. The reaction is sivnewhat 
complicated, for no hydrogen gas is liberated during the solution of 
the iron, the nascent hydrogen rcihtcAig some iff the sulphurous yieid 
(or ferrous sulphite) to thiosu'.phurie acid (or ferrous thiosulphate). 5 
Thus :— * 

. 2Fc ^3ll 2 SO.,=FeS() ;t | FeSjOfj | 31!/). 

The thiosulfate, being very shlublo inVater. remains in solution. 

Ferrous sulphite also results when solutions of ferrous salts and 
sodium sulphite interact,* and when feraous hydroxide is dissolved in 
aqueous«sulplmrous acid. Ii\ these eireumstanees a red solution is 
usually ohtaimtl, probably bacausq of interaction with dissolved oxygen. 
The colour quitikly disappears, however, particularly on wanning. On 
concentration the salt crystallises out. , . 

On passing a current of sulphur dinWide into an aqueous suspension 
of freshly precipitated ferrous sulphide, the latter passes jnto syluliiyi 
and ferrous sulphite is gradually deposited : 7 

FcSd SO, |-H/) FcSO., | II,S. 

On prolonging tile passage of sulphur dioxide I he salt,dissolves ami the^ 
acid sulphite, Fe( 1 ISO,), is produced in solution. The nordial salt is 
re-d*'posited on boiling, but the solution nowwontams ferrous thio¬ 
sulphate in consequence of the,reaction between a portion of tlfc dfs ! 
solved acid salt and sblphur produced*bv hydrogen sulphide and sulphur 
dioxide inter-reacting. Thus : 

Fe( 1IS0.,) 2 : S- F.S/,),, , llV) , SO,. - 

• rorrous sulplnti •solution readily*o\idises in'air. yielding a red ■ 
solution. 11 From its colourless solutions alktdies precipitate ferrous 
hydroxide. * , , 

Ferric sulphite,•Fe a (S0 3 ) 3 , .has not been isolated? it it obtained in 
unstable solution on dissolving ferric‘hydroxide in ^sulphuriftis acid. 

If the ferric hydroxide is pyre and vvefl washed, tt dissolves exeiVdingly 
• * • , ,' • < 

1 For a discuwiion of its magnetic properties «an<l crystal n^steyi h«*o Kaiser, CVyiir, 
Min., 1900, p. 201. * * 

* Abt, Wad Anri'tlen, 1897*, (2), 62, 474. 

3 Weigel, Ze\tAch. physical. ('font., 1907, 5^L29M 

4 8eo HammelHberg, Pogg AnnaUn, 1804. 121, 337. * 

" Berthollet# /1 mm. ('him. Phy*., 1830,42), 2 , 5K ; KoH<»h ami <./ /‘harm. ('him., 
1843, (3), 4. 333. • 

* Seu^ert and El ten, Znlsch. uhorg. ('hem , 1893, 4, 44.* See a tan Muwpratt, AnnaXtn, 
1847, 64, 240; PM Mag., 1847, (3), 30, 414 ; Herthifr, Ann. Chyn. •Phut., 1832, (2), 

SO, 370. 

* Hendwsbn and Weiser, J. Amer . Chun. Soc., 1913, 35, 2^9. 

vol. ix.: II. • * 10 
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slowly, yielding a yellow solution. 1 As ordinarily precipitated from 
solution, however, the hydroxide dissolves rapidly.* The solution is 
unstable, the yellow colour changing to green as the ferric salt under¬ 
goes reduction to ferrous dil hionate jn the coursdof a few h<5urs 3 

' ( Fe 2 (Sf ) 3 ) 3 -F*S,0 6 FeS0 3 . '• 

llasio ferric sidphi.tcs.suoli as l't’^S0 J ) J .7Fe(0H) 3 andFe 2 (S0 3 ) 3 .CFe{0H) s , 
have been prepared. -1 

b , 

, (' Fefri-Sulphites. 

< A well-dclinod series of complex alkali salts of ferric sulphite has 
been prepared, 5 analogous to the d'f-rri-sulphate derivatives of ferric 
sulphate ( ee p. Hi!!), bill containing one S0 4 radicle, 

' Potassium ferri-tetrasulphite,K 2 Fe 2 (S0 3 ) 4 .K 2 S0 4 or K 1 Fe 2 (K0 3 ) 1 .S0 4 , 
is obtained by adding Medium hydrogen sulphite solution to one of 
potassium ferro-hept'anitroso splphido, KFe 4 (NO/ 7 S 3 (see p. l^D), in 
alcohol and allowing to stand at the ordinary temperature/■ r a couple 
of weeks. The salt separates as yellow, microscopic needles, insoluble 
in cold wider. Acids dissohi*tbe salt readily, and boiling with water 
effects the precipitation of ferric hydroxide. 

Potassium fcrri-disulphite, K. 1 Fc(.S0 :l ) 1 ,S0 4 , results when a solution 
of potassium lerro-iicplamtroso sulphide is digested lit. 4° l'. with 
sodium hydrogen sulphite for about, a month. It yields lustrous, dark 
yellow lealicts winch are praclrcally insoluble in cold water, but in 
boiling.rviitcr.arc decomposed, yielding ferric hydroxide and a soluble 
ferric salt. 

Potassium ferri-sulphite, KFc(SO. t )SO,, is prepared by the action of 

J iolassium hydrogen sulphite upon feme ammonium alum. It crystal- 
isos in slender needles, which are sparingly soluble in cold water. With 
hot water, ferrous and potassium sulphates pass into solution, leaving 
an insoluble yellow residue. 

‘‘Ammonium ferri-sulphite, MI 4 .Fc(SO a )SO.,.lM), may be obtained 
by treating ferric ammoimim alunrwitli animoniunl hydrogen sulphite. 
It crystallises in slender, yellow needles which are but slightly soluble 
“"m-cold and hot water. Prolonged boiling decomposes the salt. 

Sodium fem-disulphite,' Na 3 Fc(S() l ) 2 SO 4 .0lI 1! (). may be prepared by 
, digesting a solution of sodium fer.o-heptaii’troso sulphide with sodium 
hydrogen sulpbde lor s, vend days. It crystallises in Hat, yellow 
prisms, and closely resembles'the corresponding potassium salt. 

Sbdlum hydrogen ferri-tetrasulphite, Na 2 H 2 Fc 2 (S0 ; ,) 4 S0 4 .2H 2 0, 
results ok disseising freshly precipitated‘ferric hydroxide in a concen¬ 
trated solution <»;' sodium hydrogen sulphite and sulphurous acid. On 
- concentration yiyr sulplyirie acid a crystalline mixture of this salt 
with the preceding i* obtained.,and_s<paration is effected by treating 
this mixture with a solution of sodium hydrogen sulphite. The salt 
• crystallises out in bright, olhe-groeu iieedh i, 

1 Oar|H‘ntoi, Thou. ('Ik in. Sor., 1902. 81 . 1. 

* Amh. ('hint Phy*., I 8 t> 2 , (3), 65 . 222 .’ 

3 Sec p. 1(*8. According to Huignet (Com {4. n ltd., Holt, 49 , ,">87), the reaction is 
fV;l«l),), -tVS0 4 HFeSOj f SO,. *• 

* Koene, Pogg. Annalcn, 1844, 63 , 444 ; Scubcrt ami Elfcn, loc. cit. 
v 1 Hofmann,,ZritwA. naorf CAcw., 1897, 14 , 282. 
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Fenfous sulphate. —The usual form’of this salt is the heplahydrate, 
FeS0 4 .7Hj0, which is obtained when iron is dissolved in dilute sulphuric 
acid and the solution allowed to crystallise. The,crystals belong to the 
monoclinic syttern, and’owing to tljcir green colon'- the salt has long 
been known as grl'al vitriol. The density of the pure salt at 14-8“ C. is 
1-8987,' and at If) C. 1-899 ± 001, 1 2 and it fs stabl* m contact with a 
saturated solution of fefrous sulphate up to 50-0 ’ (' which is the tran¬ 
sition point of the hepty- to the tctra-hVdrate under these conditions. 3 4 
It occurs native as the mineral mtittulcnie o» copperas,/which may 
ly; crystalline, bu^'is more usually ngAsive. Mixed*crystals* of the 
heptahydrates 'of ferrous and cupric •sulphates occur as tyimmifCj 
(Fe, Cu)S0 4 .7lT 2 0, in t he form of b(pe transparent crystals, liotli these 
minerals are isomorphous with Bootfyfe, (uS(),.7lI,().' _ * 

Drainage water from coal mines is frequently charged with ferrous 
sulphate Consequent upon the oxidation ol jiyrilex in the coal, and 
upon evaporation yields the inquire salt. The sajt is readily obtained 
in a pute state by dissolving dectrolytsc iron in dilute sulphuric acid 
and allowiiTJf to crystallise, preferably in an inert atmosphere. Com¬ 
mercially ferrous rjilphute is obtained by, exposing heaps ol pyrites to 
the oxidising action of the nir. Tern ms sulphate and tr<-e sulphuric 
acid drain off into tanks, the,aeid beingneutrnlised with scrap iron 

*. FeSj | 70 l-II 2 ()=FeSO, II SO,. 

* IIjSO, f.Fe- FeSO, i Il 2 . 

The salt obtained in this way is not pure, but contains small quantities 
of ferric sulphate and the sulphates of metals such at inaifguncse 
naturally occurring in the pyrites. Copper sulphate is removed by 
allowing the liquors to remain a sullieient length ot time in contact 
with the scrap iron, the copper being precipitated out : 

* tiuSO, ( 1-V -FeSO, | Cu. 

Ferric sulphate is removed by re-crystallisation, but small quantities 
of the other salts remain. ‘ . , 

When exposed to the air the ordinary commercial salt gradually 
oxidises, yielding a basic salt. It is easily dried, however, by powder^, 
mg and repeatedly pressing between,the hJds ol liltn- paper. It is 
>*feen quite stable in air at t.>" ('. an<^ neither oxidises, eilloresecs. nor 
ittliqiA-secs. 5 * 7 * * When •heated In chloroform vapour ?i mixture of ferrous 
atnl ferric chlorides is produced. 11 • * 

The salt melts at 04° (’.' 'When heated in vac 14a, ferroim sulphate 
heptahydrate undergoes dehydration, six molecules ol watcu- being 
removttfr at 144) *('., complete dehydration being effeatj d at axlightly 
higher temperature. When heitted in a tube open at botlj eiids.Verrous 
sulphate begins 'll* decompose at 150" C.,* yicldyig *Ti7-rie stJlphatc, 
Fc 2 (S0 4 ) 2 , m and at higheritompcrufcurcs,* in t^ic prcseife/ of air, feiVie 

1 Andrew, Xntwh. /iltynhif Hum.. 1911, ^ 6 , lilt. 

7 Hetgi-rs, .Oid.. ISS0, 3 , 2K9. • % 

Fracncknl, Xtilrrh. anor,j. t'Uo,,.. ICO7. 55 . 22 . 1 . 

4 For crvMWHogmj.hio data, his; p. 2.'». * 

4 tie Forcrand, Cvnipt. rcrnl., HU 4, 158 , 20. 

• Coniuutua ibid.. 1914, 158 , ! Ise. 

7 Tilden, Tran*. Chem. Soc.. 18H4, 45 , 2191. ** 

• Hofmann and Wanjukow, Met. Chem. Knq.. 1912, 10 , 172; Bull. Amer. Inst. Min. , 

*«*., 1912,* p. 889. * 
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® 4 . . C 

oxide results. Its coefficient of topansion per degree C. rise in tetnpera- 
ture 1 is 7-2XlO s . 

Its specific lic.tt is as follows :— 


• r t 

r , . 

Temperature Range. 

• r. 

t 

Specific Heat di 

Fi-S0„7Il,0. 

78 Oto ! 22 

0-202 ±0-002 

? fiio-o „ (a:l* 

0 -2.‘H ±0-00*1 

IfKI-0 

0-182 ±0-00-1 


V « 

and its molecular specific heal bcl weeu * 22 ° and 45° (’. is DC*2 calorics . 2 
The hcaf of hydration of (.jic heptahydrate is 1912 calories , 3 and its heat 
of solution is — l,' 12 .‘l calorics at t ’. 4 * < 

Crystals of (lie hcplahydrafc possess the same vapoujvt elision at 
44*01° ('. as magnesium sulphate, MgS() 4 .7II 2 0. JJelow this tempera¬ 
ture their dissociation pressure is greater, and ‘above it is less, 
than that of the magnesium salt . 5 * In* the ease of zinc sulphate, 
ZuS() 4 .7II 2 0, the equilibrium temperature between the two salts is 
10*4° (!.* 1 ‘ t 

^Kxapiination of ferrous sulphate crystals by X-ray methods indicates 
that the seven molecules of wafer are not symmetrically disposed or 
equivalent in their structural relations to the other constituents . 7 

The hcplahydratc is dimorphous, a rhombic variety occurring in 
nature as Imiriscitr 8 in a more or less impure condition. It has not 
been isolated in a pure condition in the laboratory, but Rammclsbcrg M 
^obtaifled it m association with rhombic magnesium sulphate. 

Kxpc.riiucut shows that crystals of magnesium sulphate hepta- 
hydrate, MgSO,.7II 2 ()„ will bold up to 19 per cent, of ferrous sulphate, 
KeS()|.7n a (), m solid solution. Now' f the pure magnesium salt is 
rhombic, and lias a demity of 1*977, whilst the usual form of ferrous 
sulphate is monoelime. density I 898. The mixed crystals, however, 
are rhombic. Determination of their density shows that it is not the 
mean value as ValeulatuDfrom Die densities of the constituent salts, 
but is slightly less. In other \\\ »rds, it appears that the magnosiunT 
sulphate is mixed with j; ferrous sulphate of,density 1-875, rhombic 
in.form, and too unstable 1 o.*\ist alone w^cn quite pure under ordimiry 
conations. } Simila*;l\ crystals of ferrous sulphate hcplahydratc can 
hold 54 per cent, of magnesium .sulphate in solid solutjpn. The mixed 
crystals.are, in ,tKis ease, monoelgue, and their density ijj greater than 
the mean calculated from the densities 4 bt^the constituents. It would 

1 Amlroao, ZrfarQ. ptnj.uhtl. ('hem., lull, 76. 4,01.. t 

* Jackson, A. Amir, i'ht m. 11)12, 34. 1470. RolU and Area me (Atti Jt. Acead. ' 
*. Uncei, 11)111, (i»), 23. ii 100) give tin* moloi^ilnr heat a? 02 147. 

* Cohen, Zfitsch. phi/iikal. ('him., 11)0/, 36 ,17. 

* do Korennd, t'ompt. mid., 1014,158, 20. 

5 Rolla, .1 tii It. Acnvl. Loir a, 1011, (’>), 20 , \ 12. v 

* Holla and Ansaldo, ih)d., J012, (.”»), 21. i. 272. 

’ Johnson, I'ht/iikal. Znt.ick., 1015, 16, 200. Compare p. 71). 

' See p. 2.\ Jlso Blaas, Monohh., 1883, 4 , 833 

* Rammclsberg. Pogg. Annalen , 1834, ox, 321 ; also Volger, JafirbMin., 1855, 

152 . , 1 
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thus appear thrft in this ease the ferrous sulphate .is associated 
with a monocljnic variety of magnesium sulphate heptahydrate, 
of density J -(>91, but which is too' unstable to exist alone 

in ordinary • circumsjitiiccs. Honor the two Jieptahydratcs are 
isodimorphous . 1 , ' ( 

The hexahydrate, ^VKl),,.(!11 2 0, results on passing hydrogen chloride 
into a saturated solution of I citrous sulpha t’e. Ferrous chloride separates 
tirst, and, conceptrating the mother liqijur, tabular crystals of ferrous 
sulphate hexahydrate separate out .' 2 • ' 

* When a crystal of copper sulphate/ f.uS() 1 .5ll. i! ().*A introdifecd into 
a supersaturated sofution of ferrous suf|>hate, trielinie crystals of tip; 
pentahydrate , 3 KeS0 1 .5H a 0, separate qut, isomoijphous with the copper 
salt, and of density 1 -89. • . , # * 

The yentahydratc may als’o be obtained bv allowing an acidified 
solution of ferrous sulphate to concentrate in^acwi, The heptahydrate 
crystallises first, ne*t the’pentahydrate, and finally the tetrahydrate., 1 
FeSO,|. tlljO, the relative proportions oT these hydrates depending upon 
the amount of free sulphuric acid in solution. 

The tet.rahydwite is also formed whew the heptahydrate is kept for 
several ilays over eoneentratVd sulphuric acid. 5 It is nioiioelinie, and 
isomorphous with the corn,-spending hydrate of manganous sulphate, 
MnS0,.'tH 2 0.*, Its limits of stability in contact wflh a saturated 
solution of ferrous sulphate arc 50 0" to (it t Its, heat (if 

solution at 19-5" (’. is 1599 calorics, 7 and its niohcular heat, is 
09-587 calorics." . » • 

The trihydrate, FcSO,.911,0." and diliydratr, FcS(),.gll 2 0, in have 
also been obtained the former, by solution of the heptahydrate in 
concentrated hydrochloric acid; the latter by separation from n con¬ 
centrated solution of f< rroux sulphate on addition of snlphurif- aeid 
in small quantities at a time. The exist cnee of this latti-y hydrate 
is clearly indicated bv a break in the tinu^dehvdration curve at 
100 * t '. 1 ' 1 * * 

The monnhydrak -, KeSO^.If.O, umirs in. nature ns the mineral 
ferro-pa!htdiU\ in Chili, 12 and results when the Ik ptahydnite is heated 
to 140° C. in vacuo , or is allowed 1o ellltrcye for prolonged periods 
dry air, 13 and by passing air. dried o\*t sul|fhurie aeid*ov« r the hepta- 
liydnfte at 100° C. 14 It also results by bringing the hejiAahvdrato into 

Sot' Mtnnttlojij (*\lar milltn. 10<»2), p 23n.*sth<i Priori*-, Z-< tuh ftlnj-tliil. 

Chan , 1880, 3, 407 : lor nt • m 

2 Hensgen. liir , IS7.S, n, 1777, ak*t «!<■ IlnedMudi.m, An-f> < 'him* /7tr/< , 18$, (4), 

18, 2.7. >. ^ * • • 

3 Mangmw, but. Mina, IH.jO, (.7), 9, 11 , Lit lug and K<*pp, Jtiiip tW . 1807, p. 1.72. 

4 Marignac, Itr. nt. 9 • * • 

5 Schari7.fr, Zfdjr/# Knjit Miv, 1808, 30. 200; Fun-rand# (^nupt until., 1014, ^ 

X58.20. ' 

fl Fraenckel, Zntirh. anorj. 1007, 55, 223 

Phytt ., 1841, 1, 201. # 

7 <lf Forcrand, lor. nt. # 

H Holla and Aceamc, Atti /?. Ac rad. Lino »,t013, (.”>), 22, li 100 
• Kano, Annolen, IH3«, 19, 7 ; Kuhn^. Srhwtvfgrr's ■I , 1831, 61. 21.7 * 

*• Bonadom, Ikrtcht Versamml. (hut A uturfw«h ArrJr.tJ'rtuf, 1X37, p. 124; Pogg. 
Annalen. 1834, 31, 81. • * 

11 Hfumayfi/. Chem Sac., 1877, 32, 381 
11 Sehamer, iff*/. Knj.it Mm., 1003, 37, 720. 

** ScUviztr, loc. qt. 

14 Hannay, J. Chem. Soc., J87* 32 . 300. 


tf'oiujian* Hti^iauU, fittit. Chun. 
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contact with sulphuric acid of concentration not less than 12-fl normal, 1 
and by addition of concentrated sulphuric acid to saturated aqueous 
solutions of ferrous sulphate. 2 This is conveniently effected by dis¬ 
solving 400 grams of the pure hepjahydratc irf ^00 c.c. of 50 per cent, 
sulphuric acid on the water-bath. 1 Almost immediately after solution 
is complete, the iionohyAratc separates out as a white, crystalline 
pbwder. It is dried with alcohol and ether, and finally over sulphuric 
arid. 2 The salt, is permanent' in air, and is pot hygroscopic. It is 
useful, then Core, for standardising permanganate solutions for volu¬ 
metric analysis. • It clings mott,tenaciously to its eopibined water, but 
may be'made to part with it do a small extent by heating to 100° C. 
in a current of air driyd over phosphorus pentoxide. 4 The suggestion 
has therefore been made (see p. ?d) thatrthc salt is a hemihydrol of 
the formiha 




/SO,H 

OH. 


It. is stable in emdaet with ferrous sulphate solution at temperatures 
above tll-t' l'., which point* is tin- transition temperature in these 
circumstances bclwccn the mono- and tetra-hydrates. 5 Its "heat of 
solution* in wider at 13-5" is 7538 calories. It absprbs ammonia 
vapour, yielding the pentummimiatr, FcSO^SNlIj.IIjO.’ ‘ . 

•Th c'aitliyilrous sail, FcSO,,. is extremely dillienlt to prepare in a 
state of purity. It. results, more or less contaminated with a basic 
siflt," when any hydrate is healed in vnruo to a temperature somewhat 
above HO" Il is stated also to result when the heptahydrate is 
dissolved in concentrated sulphuric acid. 1 * It then separates as micro- 
scopig• prisms. It is white in appearance, insoluble both in alcohol 
«nd in concentrated sulphuric acid. Its heat, of solution °,in water is 
14,901 calories at. 13-5" C. Density 2 841. At dull red heat it deeoni- 
poses ^yielding first a UA'sie sulphate and finally f.-rrie oxide. Thus 

• 2Kt-S0 4 =Ke;0 3 l-SOj+SO,. " 

■*" Ferrous sulphate readily'dissolves in water, and if acidified with 
dilute sulphuric acid the solution is fairly stable in the .cold.* 
Exposure to fight accelerates its*rate of oxidation. The solubility <y ‘ 
ferrous sulphate in water" has been determined at different temperatures 
bjf many investigators, 11 ’ thc'most recent .arid reliable work being that 
of Fflenekel.t who gives the following data 


1 \VirJf\, Zeituch.'nnoig ('hem.. 1913. 7V* 000. , 

* Ktard, <-outfit, re mi., 1878. 87. T>02; Eremin, Wu.is. 
Lesconir, Au/i. (%m. l*hys., 1 (7), 19, 213, 410, 5>Wl; Net 


71 * 504 ; FtyrontinvUnit. Str. chttn,, 19M, (4), 13, .‘$2.. 
* Florentin, hr. ciL c 


Cheyt. Soc., 1888, 20, 468; 
■ott, Tra'it 1 . ('hem. Soc., 1897, 


Hannay, ('hem. Soc., 1877, 32, 390, 

\ Eraenckel, Zettech. annrg. Chrm., l!>Qf., 55, 223. 

1 de Forerund, Compt. re nd., 1914, 158, 20. 

7 Petera, Zcttsch. anorg. Chrm., 1912, 77, 13t. * * 

* Bolus, Annalen, 1874,‘17^. 100; J. Chrm. Soc., 1^74, 21, 200. 

• Warynski, .4wn. Chtm. ancl, 1909, 14, 45. , .« 

*• Soe> Ktavl, Cchtipt. rend., ' 1888, 106, 740; Ann. Ohim. Phy&., 1894, (7), 2, 
603; Muldor, Scheihtndige Verhandi, 1864, III., (3), 141; Tobler, Annakn, 1866, 
m. % k v ‘ • * 
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j 

Temperature. , 
‘C. 

* 

Grftms FeS0 4 «n 

100 Grams of Water. 

• 

fjolid Pha.se. 

• 

Transition Tem¬ 
perature. 

V. 
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1 

• 
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1 , • * 
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0 

/ 
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20-00 

* 

• .♦ 

30-08 

35-07 

32-93 • 
30-87 • 

► 1<VS0 4 .7II 2 0 

• * 

• 

• 

• • 

10-05 

10'20 


. v- * 

-1.V1K 

11-82* 



50-21 ’ 

18-00 



/>*2 00 

. 5d-20 

• 

.. 

5 Hi'! 

52-07 

J • 

50-0 

60-01 • 

51-95 

• * l 

F«S0 4 . tILO 

01-1 

05 -00 

55 *59 

V 


08-02 

52-31 


# 

70-0-1 * 

50-08 



77-00 

15 -90 

Lvso,.ir.,o 


80-11 

13-58 


. 

85 -02 

K)Ki 



00-13 

37 -27 





Tht'Sc K-sults are shown graphically in figi 0. At 25° C. 100 grams 
of saturated’solution contain 22-98 grams (0-1508’mol.^ of •FeS0 4 . 1 
• * Wirth, Zeit^rh. angewtChtm., 1913, z6j 81. 




1 S3 . IRON AND ITS OOMPOUlfos. 

The density of u solution of fei*ous sulphate, saturated and in contact 
with crystals of the salt, at 8’9° C. is 1.T949. 1 • f 

The rate of oxidatjon of ferrous sulphate solution upon exposure to 
air is proportional to the partial (pressure of Hie oxygen! 6 Hence it is 
reduced by odditfon of concent rifted solutions of ^nert soluble salts, 
such as chlorides i*ud siil|taites of sodium, potassium, and magnesium, 
Awing to their presence causing a decrease fn "the sohibilit.y of the 
oxygen. 3 The oxidation depends upon the uy-ionised portion of the 
dissolved slNt. . . 

Fergus sulphate undergoes,hydrolysis when iby solution is boiled 
with potassium iodide and iodute. Thus :— 

3FeS0 4 I-5KI1 KIO, ] 3ll/T=3Fe t (OII) 2 -f 8K 2 SO., f3l,. 

The excess of iodate then oxidises the ferrous hydroxide to.thc ferric 
condition. 4 

<>Fc(OII) 2 ) KIO v f 311,0 —KI \ 6Fe(OH) 3 . 

Ferrous Sulphate as a Reducing Agent.—Ferrous ""sulphate is 
frequently used as a mild Reducing agent. Thus,' auric chloride is 
reduced to the metal in aqueous soliitiort a reaction made use of in 
photographic toning: 

* C * r 

AuCI 3 1 -SFeSO, — Au I FeClj + FcXSO,),.' • 

, I 

Silver salts are similarly reduced to the metal ; thus : 

• , 

Ag,S<), I 2FcSO,—2Ag I Fc,(S0,) 3 
and 

, . 3AgNO.,-| 3FeS0, 3Ag f Fe 2 (S0 4 ) 3 f Ke(\0 3 ).,. 

These ructions with silver are particularly interesting inasmuch as 
Landolt 1 finds Unit tlw y are accompanied by p loss in weight groater 
than "That nttrilmtahle to experimental error, and suggests that the 
atoms lose a small portion of their mass in the rotation, the detached 
particles passing through the walls of the containing vessel. 8 
„ Under the influence of.liiht, potassium ferrieyanide is reduced to 
ferroeyauido hy'ferrous sulfilmto in alkaline solution (see p. 22 f). 

Potassium, permanganate is instantaneously dqfoloriscd by ferrous 
sulphate in acid solution, being reduced t«- manganous sulnhate. 
Thus:- . „ ' 

■ loA-S0 4 f 2KMn(T„ | 811 2 S0 4 5Fe 2 ( S,0 4 ) 4 t K 2 S0 4 +2MnS0 4i 8H 2 0. 

Similarly potassium biehromatc * is rnhceij to chromic sulphate in 
accordance wifhphc equation . . ' , 

r r 

8f'eS0 4 .| K,('r 2 '() 7 f 7H/0, =K 2 S0 4 f frjsh^, -f 3Fe,(S0,) 3 + 7H 2 0. 

* < 

J Sonatadt, Tran*, ('hem. Soc., 1900, 84 , 343. 

* Knnos, Rroc. Comb. Phil Soc., 1913, 17 , 182. 

* MacArthur, J. Physical Chan., 1916, 20 , #*5. * 

4 8 . E. Moody, Amtr. Sci., 1900, (4). 22 , 170. t 

• Landolt. ZtiUch. physikoUChetn., 1906, 55 . 589. * < * 

• S^vSurdy, A’u<n« Cimento, 1904, (5), 8 , 45 ; Landolt, Ber., 1893, af 6 , 1820 ; ZtiUch. 
physikal. Chetn., 1893, 12 , 1; Heydweiller, Ann. Physik, 1901, 5 , 394; Rayleigh, A future, 
*W\, 64 , 181 ; ^Joly, Trans. t Hoy. Dublin Soc*, 1903, 8 , J 3 . 
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Aqueous solutions of ferrous sulphdte readily absorb nitric oxide, 1 
the extent of absorption depending upon the concentration of the iron, 
the temperature, and the pressure. The limit of .absorption is reached 
when one molecule of NO is present, tp each atom of iron and the brown 
solution undoubtedly contains the» compound FeSQ,.NO, probably 
more or less combined wit h the solvent >’ TlX addition of small quanti¬ 
ties of sulphuric acid to flic solution of ferrous sulphate tends to diminish 
the absorption of nitric ojid t e, the equilibrium represented by the equation 

• FcSOj-(-NO Fe,SO,.N(/ ' 

being pushed towards the left. Further*inereasc of the acid, However, 
assists absorption, a maximum btiingj reached yi the presence of 82 
per cent, of acid. Under these conditions the solution is cherry-red 
in colour v The colour is not due to the formation of ferrous nitroso 
sulphonatc,® ' , 

• * () 

^ \ » 

* >fe, 

as assumed liv ltiAehig . 1 The complex salt FeSO,.NO may be isolated 
by adding a concentrated lufueous solution of nitric oxide in ferrous 
sulphate to ice-cold sulphmtie aeul in'an atmosphere of nitric oxide; 
the eompoimdVry.stalli.scs in small red leaflets, but is*»ery unstable . 5 
A second complex salt of the formula FeSO|N() 1'cSO,.has 
also been obtained 6 by addition of ethyl alcohol to aqueous ferrous 
sulphate in an atmosphere of nitric oxide. It crystallises iq smujl 
rectangular plates lirmvn in colour and which slowly decompose on 
ex|)osurc to air. 

On addition of nitric acid to a solution of ferrous sulphate acidified 
with sulphuric acid, nitric oxide is formed, a portion of the fcrroifti salt, 
being oxidis'ed to ferric. Thus : • . 

* OFeSO, ! 311 2 S0 4 -| 2 11 N()j- 3Fe 2 (SO,)*i UFO , 2X0. „ . , 

This is the basis of The “ring test "*for nitrn* acid or nitrates, which 
usually consists in pouring a cold solution of ferrous sulphate gently 
down the sides of an inclined test-tube iti hi a layer of eoneeitlratuil 
—julpbyrie acid, eoiitainmg the nitrate*. SinPe feme sulphate yiehls a 
^^ed compound, possibly Fe 2 (SO,) 3 . tNO, with nitric yxidc in the presence 
of concentrated sulphuric arid (see p. lilt). thca-olour of the ring formed 
aFthc junction of the tw<i liquids will* depend upon whether the 
nitric oxide compound is formed in the concentrarted ntfidP or iif the 
aqueous layer,, being brown in'the laltar, but ruddy in the former. 

The dark colour of the nitric oxide derivative ntiw be utilised in 
the volumetric estimation* yf nitric, acid, as. its appearance ^Upends * 
upon the presence of excess ferrous fulpfiate in solution. Further 
• addition of nitric acid oxidisfs tills remaining ferrous*sulphate and, 
when oxidation is complete, the colour disappears. TJie discharge o&> 

1 Guy, Compt. rend., 1879, 89 , 410 j Aim. Chun. l‘h:jn , lXKfl, ( 11 ), 5 , 145. 

* ManchotTind Zechcntraayer, AnntAen, 1906, 350 , 368: Usher, Zeilsch. physical. 

Cttm., 1908. 62 , 622 ; Hiifhcr, ibij/., 1907, 59 . 416. , 

• Ma&chotf Zeitsch. angew. Chtm., 1910, 23 , 2113. • 

« Raechig, ibM., 1905, l 8 , 1281. 

* Manjhol and Huttner, Annalen, 1010, 372 , 163. 

• Manchot and Huttner, loc. rjf. 
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the colour is found to be sufficiently definite *to enable the' eftd point 
to be determined with reasonable accuracy. 1 « f 

The formation o{ this -brown compound can advantageously be 
utilised as a method of detecting ferrous salt* in the presence of other 
metals that would obscure the more usual ferrloydiji'de reaction. 4 The 
solution to be tested is ibixod with an equal volume of concentrated 
Sulphuric acid, and a crystal of potassiunniifratt a'dded. The last-named 
becomes surrounded with red-brown streaks of f the nitroso compound. 

A mix<M solution of ferrous sulphate and catechol in the presence 
of an alkali readily absorbs Sijcygon, giving a deep red colour. The 
reaction is exceedingly sensitive, and is recommended as a delicate test 
•for oxygen. 3 , t , 

ferrous sulphate has been /iscd as, a dressing for crops, but 
apparenfty it "is beneficial only when the soil contains an excess of lime, 
which is thereby converted into gypsum. It is this- last-darned salt 
which really benefit^ the soil. 4 ferrous salts in general are toxic and 
are usually regarded ns one cause of sterility of badly aerated shils. 

The double sulphate with sodium, FeS() 4 .Na 2 Sb 4 .4II 2 Tl, has been 
prepared 6 by crystallisation of the mixed solutions isbove lo (’. 

Double Sulphates of Ike Ti/pe (M,". N")S0 4 .,rli 2 (), or 
- M"S() 4 .N 'SOj.j’IIjO. 

, Ferrous sulphate yields, with the sulphates of certain divalent 
metals, mixed salts of the geiferal type (M", N')S(),.II s O. They are 
prepared by, mixing solutions of the constituent sulphates, and then 
adding concentrated sulphuric acid, when the mixed sulphates separate 
out on cooling. 

Ferrous copper sulphate, (l-’i-, t'n)S0 4 .II 1! 0. or ('uS<) l .2FcS0 I .:iIJ.,0, 
occurs in yellowish brown crystals which are not hygroscopic in 
ordinary Jiir, but take up water in a warm atmosphere saturated with 
moisture." < ' , „ 

■ ' Hie brown colour increases in depth from both ends of the scries, 
the maxi mum* being reached wit If 18 per cent, of Iron and 16 per cent, 
of copper. The crystals are perfectly homogeneous under the micro¬ 
scope. When gently heated 1 they become chocolate-brown and finally 
mauve, but the original colour i*restored upon exposure to air. m 

The origifi of tfjo brown cokmr has been a yiatter of discussing."* 4 ** 
The monohvdrates of furrous sulphate and copper sulphate arc white 
ahd pale blue respectively, %o cannot be |hc direct cause of the coldur. 
Neither is the brown due to ferric salts or to cuprous oxide. The 
suggestion has been made 7 tint it is the result of ,*ui oscillation of 
electro^ due to the presence of metals jn different stagos of oxidation, 

. the coju>cr bejng saturated whilst the iroi^is'not. ♦ , 

* Mang 6 , Chen. Kent*., 19UK II., 720. from l+hui. ihimique, 1918, 8 , 2 jo. Soo also 
Bowman and VV. \V. Scott, J{ I mi. Eng. Chan., 1915, p, 766 ; Bellucci, Ann. Chim. * 

« Applicata, 1914, I H 549. 

* Blum, Zcikch. anal. Chem., 1905, 4 ^, 10. ' 

• Binder anti YYcinlund, Her., 1913, 46 . 255. 

4 See Boiret and Paturel, .Inn. Agron., 1891, 18 , 418; Delacharbonny*and Deetremx, 

Bird. Centr., 1889. 9; ‘ 6 ritilths. Tram*. Chem. Hoc., 1887, 51 , 215; 1886, 49 , 114; 

1885, 47 , 40 ; 1884, 45 , 71; Russell, Soil Conditions and Plant Growth (Lotigmafoa, 1912). 

4 Mohr, Ziitsth. anal. Chem., 1873, 12 , 373 ; BUtz, ibid., 1874, 13 , l€fl. 

• Scott, Trans. Chem. Soc 1897, 71 , 504. 

* * Allmand„ Zeikch. anorf. Chem., 1909, 61 , 202. 
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Ferrbus cadmium sufphate, 1 * 

Ferrous chromous sulphate ! (pale, yellowish green). 

Ferrous magnesium sulphate, 3 
Ferrous manganese salphate 2 (vi;ry faint pink), and 
Ferrous zinc ^ljpha'te »■ 1 (white,, well crystallise?!).have also been 
prepared. • , . . ' * 

Double ,Sulphaies-of the Type, jSijH0 4 .M"K0|.(>Ii 2 Q. 

. Ferrous sulphate readily eombines > with sulphate* of thg alkali 
metals and of itmmomum to form wcll-ik-fmcd crystalline salt* of thc^ 

tyPe M'jgOj.FeSpf.OiljO. ’ ^ « 

They are 4 all monoclinic in structure and belong to an extensive class 
of isomorphous kalts of the general formula . , 

. * M'jRQM "ItOjiOl IjO, ’ 

where M' stands for ammonium of an alkali metal. M" for (ferrous) 
iron, cobalt, nickM. manganese. _ coppet. cadmium, magnesium, or 
7 ,ine ■ and 1 ! for sulphur, selchium, tellurium, or chromium. 

These salts have been casefullv studied by Tutton/’^vho gives their 
axial angles antj ratios as follow : 


Sulphate. 

Ferrous ammonium “ 
., potassium 
rubidium 
eiesium . 


0 7377 : I : 0-1900 
0-7377 : 1 : 0-5020 
0-7377 : I : 0-5004 
0-7201 : 1 : 0-1953 


100? .70' 
Kit 32' 
107” f t' 
100° 52' 


It will be observed •that if the ammonium*sail be excepted, tjlf 
axial angle steadilv increases with the molecular weight On the other 
hand, the axial ratios of the first three salts are very dote, the ca-sium 

salt here prov ing exceptional. , . . , , , _ 

In the following table arc given the densities and molecular volunlPs 

jftt the*salts: 7 


Sulphate. 


Ferrous amrppmum 
„ potassium 

„ rubidiiuif 

„ ca-sium 


M<*h-oulHr 

- 

ftrnwtv 

Molecular 

. Weight. 

20° V. 

Volume. * 

. • . _t _ 

WH9-32* 

1-804 

208-80 

. 431 >0 

2-177 * • 

19?-05 

523 

.,2-518 , 

;•* 207-81 

017-20 . 

2-7SM . 

220-77 . 

' __ 

—\--- 



■ Renter., Zritoh. phy.ikal. (them., 180S, l\ 596; 8P.rtriit.-ker, tbul., 1900, 34- 1,08. 

• Scott. Tram Chem Soc .. 18117, 71, 51)4 . 

• See Moi«e*n, 77a .It de Clnmi- Migjple (Pam ,■ l«>->h vot n. 

S sts* «5fr. %sr,i»r K ' 
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It is interesting to note* that by interchanging rubidium for 
ammonium very little alteration is affected in the piolecular volume, 
despite the fact that two atAms (Rb 2 ) now take the place of ten (2NII 4 ). 
The densities steadily rise with tjp- inoleeiilaf f weiaht, mid the same is 
true for the molecular volume if the ammonium salj'lie excepted. 

The solubililie* of thehalts in water at 23* ('. are as follow :— 1 

- • ' » 


. « 

(•’rarn-molec'.ile.d 

( Laui-i of An- 

Sul pirate. 

|M*r Lilre ot 

hydioiisSalt p< 

•* 

• 

Water. 

{.iti<- of Walei 

1 ' * « , ‘ 

petrous ammonium . 

1.014 

B51 

* • potassium 

1 

2 

,, rubidium 

0 570 

.. 0 j.2 * 

,, cirsjuni* 

1 »(»7 

101] 


The lib'll solubility of the easium sail is intercxjing m new of the 
low solubility of feme easium alum (see p. Hit). 

Ferrous ammonium sulphate or Mohrs salt, l'e.S0 1 .(MI 1 )„S0 1 . 
011 , 0 , may In -prepared (>v adding :t saturated solution of ammonium 
sulphaleal 10 ('. to the reipiisile ipiantity of ferrous siilpliali dissolved 
oho at 10 " C. m I he smallest 1111 ( 01111 ) of water. The solid 1011 , on cooling, 
deposits an abundant crop of pale green enslats, monoelmicy* and of 
density 1 -HOt at tit) ('. The salt is kept drv by pressure between 
liiter papers. 

Ferrous ammonium sulphate is a si a hie sail at ordinary temperatures, 
and ft's solutions m the eold do not readily osnhse. lienee if is largely 
used in the lahoVnlory for standardising solutions n! potassium per¬ 
manganate for Milumelrie analysis. Ils solubility m wal.r is as 
folio s : 4 

Temperature,, C. ... - . 0 1.7 K) ,50 70 

Grains FeS0 1 .(NII,) i ,S0 1 in 100 

*grams II a ().•. . 12 3 20-0 33 o to ,50 

According to l.oeke.* .'1.51 grains of I lie anhydrous salt dissolve iftls 
one litre of water tif 2 .V"C. . '' * • 

, These solutions readily .absorb nitric oxide m a precisely sinrhar 
maisocr to those of.pure ferrous sulphate.' 

Ferrous 'potassium sulphate, FgS'.) 1 .lvSO i . 0 M.,O, may he pre¬ 
pared in a similar, manner to the ammonium salt. It" yields inonoelinie 
crystals of density 2 l.x*!l. Ils soluhilitv*in wsiter is given 11 as follows 
^ ’ < * * » ^ * 

Temperature, “(k \ 0- fO 10 , 25 35 40 55 70 

Grams c FcS0 4 .K..S() 4 it , * 

- 100 grams water . . 19-0 ^,21-5 30 !) 30-5 41 15 56 64 2 

1 Locke, >1 mer. Chan. «/., 1902, 27 , 455. 

* Tobler, Animlrn, 185^, 95 , 193. This figure in of doubtful accuracy.*' 

* Class No. 5 holohedral-prismatic (Baumflnuer, P^j. Annalen, 1873, 150 , 019; con¬ 
firmed by Tutton. loc. cit.). *’ • • 

* Tobler, be. at.' These data are of doubtful accuracy. • 

5 Locke, Amer. Chan. J., 1902, 27 , 459. 4 

% * Tobler, Utf. cit. « % 
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• 

Thes« data, however, are only appsoximately correct. From the 
solution of this salt in water three definite hydrates can be obtained 
according to the temperature of crystallisation. This is well illustrated 
by fig. 7. white the vertical column gives the solubility of the salt 
(expressed in the itrigiinfl memoir as }.e. of'KMnO,). 1 * 

The diliyilriite is*eolonrlcss. the tetrahi/dmlr faintjv green, and the 
hexahydrule distinctly* green. The transition temperatures arc as* 
follow : • 

• * 1 • / 
FeSO 1 .KsS() 1 .(Ul.,0- - FeS(),.K .SO,, ltl„() fgli.,0 at 30" C. 

• FeS0,.K»SJ),.4ll»()- :KeS(),.KjS»J.2ll*() 1 2ll3fat 87° (♦. 

FeS0 4 .K,S() 1 .<iH. 2 0. l VSO,.K 2 S( ),.•_>II.’() | tll‘<) at 5*" <*. 

* • • 

The tetra- and di-hyilratos may ,^|so lie obtained bv erystallisa'iion 
from solutions containing xarviifg (piantilics of sulphuric Acid. 1 * * 



Ferrous aluminium sulphate, I'VMI^Af.I.M»|),.g 1 11 *(). occurs in 
nature as halatriehile (see p. g.">), and max l}c jircparcd in ilic laboratory 
by concentration of a solution continuing* ferrous and aluminium 
rtlUdphaTos m ctjiiiniolccular proportions. At first lerryiis sulphate 
crystallises out. but Alls js fiAlowid by the double yfilt.■* 

'■The salt is washed with alcohol and ctju-r. It is xvlttii in eoloUf, 
but exhibits a green fluoresei nAe. It melts on warming, and decomposes 
to oxides at high temperatures. , 1 

The salt liny also been found as an ellloreseenee on lyieks xvbl’eb hax'C 
been continuously exposed* to tiulplmr dioxide jit hlcaoliimj ebafnbers. 4 
When the efflorescent mass i$ broket; up it oxhubits a .tilken or "fibrous 
# mass of xx’hitc crystals not, imliko aslAstos in textifri* whyiee tAie 
popular names of hair na St and feather alum. * 

Basic ferrous sulphate, F(SO,.h\(). is apparently obtained itP 


1 KuhUt Anti ThiH, 'A<\Im/i. uuonj (‘iu\ , JS99, 21, I 10 

2 Sec MiUehcrhch awl liiewstcr, Sthui « •/ . IS20, 33.TMI ; <1«- Scimrmunt, Ann. 
Chim. Phgs., lifcpl, 33, 391 ; Marigi?ac, Ann Win , IHT»6, (.">^9, 1!); |,mck, Cull. Annalen. 

1796, 1 , 30. » j 

* Wirth, Zeitsch. anorg. Chtrn., 1913, 26, Hi. 

1 Paterfton* Tran*.“Chan. Soc.,Jfi 96, 69 , 66. 
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solution when a 80 per cent, soiution of ferrous sulphate is electrolysed 
between iron electrodes by a very weak current in the dark. After 
a few weeks the liquid becomes dark green in Colour, but upon 
exposure to light it decomposes, depositing ferrous hysiroxide in the 
absence of air. 1 . r 

The acid sulphate, FeS0 4 .5U 2 S0 4 .5H 2 0, 2 is obtained when excess 
ef sulphuric acid is added to a concentrated .solution of ferrous sulphate. 

It yields iridescent crystals, 'with a brilliant lustre, but which arc 
unstable, d< coinpo.sing.al 95° to 97° C. into tfie monoh^dnite. Thus 

FeSd 1 .5lI 2 S0 4 .5II 2 6'-=l''cS0 1 .II 2 0 + 5II c S0 4 .-lH 2 0. 

Other acid sulphates, namely 2R0.3S0 a .2lI 2 0, Fc0.2S0 3 .H 2 0, and 
Fe(>.4S0...3ll a 0, have been described. 3 1 

The following acid double sulphates have been prepared : — 4 

' •;KeS() 1 .(:r 2 (S0 1 ) :J .H 2 SO. i .2H 2 0, 
2FcS() 4 .Al 2 (S0 4 ) 3 .JI.S0 4 , 

2FeS0 1 .2ZnS0 4 .IIjS0 4 , 

2 Fe S 0 4 .2 Z n S 0,. 11,S0,, and i 

FVS0 4 .NiS0 4 .H 2 S0 4 .' 

Ferric sulphate, Fe 2 (S0 4 ) 3 , is readily obtained in 4 he anhydrous 
condition by healing the nonahydrate to about 175° C., 6| or by heating 
ferrous dr any of the ferric am.inonium sulphates (see p. 102) for pro¬ 
longed periods m the presence of ammonium sulphate. 

A Convenient method of preparing anhydrous ferric sulphate co’n- 
sists in boiling 10 grains of ferrous sulphate with TOO e.e. of concentrated 
sulphuric acid for about, an hour. When cold the bulk of the acid is 
poured off, the remainder being washed away with alcohol and finally 
with anhydrous ether. The salt, is dried in an oven till constant weight, 
is attained." Pickering 7 found that it was necessary, in order to 
effpoi. the complete removal of excess of sulphuric acid, to neat 
until the product assumes a light blown colour while hot, becom¬ 
ing pink on cooling, the colour being due to the presence of traces 
of ferric oxide. 

It is, when pure, a while powder, slowly soluble m water, yielding a 
deep brown solution. •• % 

When heated, feiric sulphate* dissociates into ferric oxide, sulphur 
trioxide, sulphur dioxide, ipul oxygen, equilibrium being established 
if tag operation is carried out in a closed vessel. 8 

The equilibrium between ferric sulphate and its decomposition pro¬ 
ducts is given by the equation ;— 

* \ . *VS0 4 ) 3 ^~ Fo 2 0 3 4 8&0 3 , 

1 Tichvlhsky, Buss. Chaif Soc., 1893, 25 , 311 ; Bull. Soc. chi in., 1894, (3), 12 , 851. ' 

* Eremin, J. Russ. Chtm. Soc., 1888, 20 . 488. 

* Konriok, J. Physical Chtm., 1908, 12 ? 093. 

* Etard, Qompt. rind., 1878, 87 . 002. 

1 See Recount, ibid., 1907, X 44 , 1427 ; YVirtj. and Bakke, Zeitsch. anor^. Chtm ., 1014, 
87 , 13. The temperatures At wjiich the natum. minora ^ coqu » mbitc, Fe a (S0 4 )j.9H,0, lose* 
its water varies somewhat with* the particular specimens tested. * 

* Miljwuer^nd Quadrat, Zeitsch. anal. Chtm., 1911, 50 , 601. 

7 Pickering, Trans. Chtm. Soc., 1880, 37 , 807. 

* • Bodeustdjn and Su*uk\ Zeilsch, Ekktrochem., 19ip. z 6 , 912. 
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' *» " • 
and the *variation of the gaseous pressure with temperature is given 
by the expression 1 . 

f log p = 11-802G - 44720^4 -SS tl*. 

The S0 3 itself % of course, partly dissociates, equilibrium being 
established according to the equation • • 

2S*0,^2SO,H.O r 

• * < / 

p therefore represents the total pressure of all tBrce gases, and T lies 
between 038° anjl 7C1° C. . * * • 

At lower temperatures the pressures afe as follow :— 2 


• 

• 

1 cmjH’raturo. * 

> r C- 

\ * .* 

Pressure. 

min. 

• 

— _• _ 

• • 

• 

P 

* 

1 

! 

509 * 

. 030 

• « 

53 

102 -5 

0 


When heated to 530° *in open air, ferric sulphate decomposes 
completely, loafing a residue of ferric oxide. 3 Several hydrates 
arc known. * • 

The trihydrate, Fc^SO^j.SIIjO, is obtained as a yellow mass on 
dehydrating the nonahydrate at about 100" C. In alcohol'it diftolvesT 
readily, yielding a solution from which barium chloride is unable to 
precipitate the S0 4 as barium sulphate. It is believed, therefore, that 
the composition of the salt is more correct Iv represented by 1 he fonjiulu 
Fc 2 (S0 3 ) 3 .(0U) # , analogous m constitution to the Jjmn cjiromium 
sulphate pentahydrate, 4 Cr a (S0,),,.5IL0. 5 It comhiucs with tub mole¬ 
cules t>f ethyl alcohol to form the compound i.\. 2 Tso 4 ),(on),(ot' 2 ii^,. 
the ethoxy groups replacing two hydroxyl groups. 

The nonahydrate, Fe 2 (S0 4 ),.9Il 2 (), occurs in nature hs enquimbite 
(seep. 25) in hexagonal prisms, and us rhon^hie crystalline plates under 
the name of ,/anositr. It may be prepared my he laboratory by evapd* 
jpting » solution of ferric hydroxide in excess of sulphuric arid, 1 * and 
caking rio dryness, when a mixture of normal and acid sulphates is 
produced. Upon exposure to moist air, and sifbsequcnt washing with 
alcohol, the nonahydrate, Fc 2 (F»0 4 ) ;) .!>II 2 f), is obtained as viojet hexa¬ 
gonal plates, density 2116. ifeeoura describes a second’ variety of 
this salt, which jresults on allowing the uiiove yellow salt to stuhd in a 
moist atmosphere for several days. It's empirical composition appears 

to be the same. 7 • * 1 , . ’ J 

- '» 

1 j y , * % ) * 

• 1 Keppeler and d’Ans, Ziitnch. physikal. Cbm., 1908,6z,"89 ; KepjK'ler, d’An# Sun dell, 

and Kaiser, Zeitsch. angew. Cheat., 1908, 532, 577. 

* Wohler, Piuddemann, and I*. Wohler, ZJer.,<908, 41 , 703. , 

* Hofmann and Wanjukow, Met. Chem. Eng., 1912, 10 , 172. Frinduch (Qenir. Min., 

1912, pp. 174, 207) gives 705° 0. | 

4 Kccoura, Compt. rend., 1911, 153 ,*1223^ 1907, 144 , 1427. b 

5 See this seizes, Volume VII. b 

* Scharixer, ZtiUch. Kryst. Min., 1907, 43 , 113. The ratio S0/Fc,0^ should lie 
between 3 and 4. If more sulphuric acid is present, the acid sulphate alone is produced. 

1 ReoouA, Compt. rtnd., 1907, 144 , 1427. 0 > > 
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• *- 

The decahydrate , Fe 2 (S0 1 ) 3 .M)P ! 0, occurs ih nature as (fuenstedtite, 
in monoclinic crystals, the crystallographic elements being :— 1 

a : b : c=t0-3940 : 1 : 0-4058. § =78° 7'5’y 

* • * { l , t 

It is obtained as the stable solid <n contact with acidified solutions of 
ferric sulphate Containing*from 25 to 28 per cent, of S0 3 , s or by the 
combined action of nitric anil sulphuric acids on Tcrrous'sulphate. 3 

Ferric ^iilpliafc is slowly sortiblc in Water. and dissolves more readily 
in the presence of lefrons sulphate, 4 but its solubility is lowered by 
addition of aluifii'nium sulphu'm. 5 • 

The* densities of various'concentrations of the salt in water at 
17-5° C. arc given “ a* follow : -g ■ 

1 

Fe s (S0 4 ).f (pel* cent.) . 10 20 30 40 00 

Density . . . 1-0854 1-1825 1-3090 ’ -450C 1-8006 

A neutral solution of ferric sulphate upon concentration does not 
deposit crystals of the nonahydratc, but a mixture of yellowish green 
copiapite (see p. 101), and the white acid sulphate, Fc 2 (S0 4 ). l .li 2 S0 1 .8H 2 0 
(see p. 101). 

Upon dilution, ferric sulpha,te solutions readily undergo hydrolysis, 
precipitates byng obtained which, however, have no well-defined 
composition. 7 

„ A s'l.udy of the electric conductivities of aqueous solutions of the 
salt indicates that the hydrolysis proceeds in two stages, embodying (1) 
a rapid change unaccompanied by precipitation, and (2) a slower change, 
progressing at a measurable rate, and accompanied by the production 
of a so-called basic salt. 8 Colloidal ferric hydroxide does not appear 
to bg> formed during hydrolysis." the salt thus differing from ferric 
chloride and nitrate. 

Ferrle’sulpluitc also undergoes hydrolysis when its solution is boiled 
with potassium lodatc'and iodide. 1 " Thus : 

Fe a (SOJ a I 5KH KIO., i 3-M.,() ' 2l-Y(OII) :1 , 3K,SO. t mU. 

In dilute solution ferric sulphate is reduced by metallic iron to 
ferrous sulphate. 11 In contact with platinum the velocity of the reaction 
is increased, but rise of temperature has the reverse effect. 

Copper is rcudilyfdissolv ed by ferric sulphate solution, and thclictidn 
is not affected by light. The reaction is practically instill.tuncous-fm 
the-surlaiV of the metal, so that the observed velocity in the solution 
is governed by the rate of stirring.” 1 • " 

■ linilk, Jahrh. Min.. 1888. i, 213. 

* Calnorim an.l -.tobinson, j1 /o/,o'cyj/ Chon., Uhl?, hi. 1141. 

■ * Bertels, Jahrt-'nr , 1874, 27 , 288, 

4 NilaOn amt I’oOorsson, Ilf... ISSO, 13 , 1450. 

_ 4 Wirtti ami Bakke, Zntsrh. unary. Chon., 11114, 87 , 4,. 

, 5 Kraiu, J. prdl-t. ('hem., 1872, (2), 5 ,* 274 . 

' 1 Canieriyi anil Robinson, J. Physical Chon., 1907, HI, lilt ; Ki-eoura, Campt. rend., 
1908, 141 , 108 ; 1905, 140 , 11134, l(! 8 f>. . 

* Wells, J. Amer. Chem. Sac., 1909, 31 , 10 f.l. 

* Antony and Gigli, llazsetia, 1899, 26 , i. 293. ’’ , 

10 S.E M^odv, A.mcr. J. Sci., 1908, (4), 22 . 178. 

» Earner, Bait. Soc. cJntn., 1891, (3). 6 , 147 ; Thorpe, Trans. Chem. Soe., 1882, 41 , 287. 
t 11 Schluedqrberg, J. Physical Chem., 1908, 12 , 574^ 
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Ferric sulphato is insoluble in concentrated sulphuric acid and in 
concentrated hydrochloric acid. , 

A solution of*lerrie sulphate in 90 per cent.,sulphuric acid forms 
an intense rctKsolution with nitric o^idc, probably due to formation of 
a complex salt oT Vorrtiula Fe 2 (SOj) 3 .4N0, which, ^however, has not 
been isolated. 1 1 *• 

Ferric sulphate in*s?>lutioi^ possesses it remarkable power of com* 
billing with animal or vc^etablc'substanCes, 2 and it cannot be extracted 
from the combination by hydrochloric arid. Barium chloriclc solution 
may be boiled wijfi the compound without undergo Jig any change. 
Meat treated with fiTric sulphate solution retains its red colefur, but 
•becomes exceedingly hard, so that jt can hardly be scratched with the* 
finger-nail. • ^ * 

Numerous basic salts ■* occifr in nature (see p. 25), iMiiet* amongst 
whieii iirelimarutifife, Fe 2 0 i ,.2S0 3 .7lI 2 0 ; jibro-ferrite, Fe 2 Oj.2SO 3 .10lI 2 O; 
castanitc , • Fe 2 () a .2SO~.8ll 2 (l>; a copiapitc, t lFe ai () 3 .SS() : ,.27J LO 4 or 
2Fe 2 Oj.^SO a .18il 2 ()/jmd plan^fcrritc, F<? 2 () 3 .S0 3 .15II 2 0. 

Botrifogen contains ferrous and *magnesium oxides associated with 
ferric sulphate, thys : Fc().Mg0.Fc 2 (S0 i ) ;v l8lI 2 0. 

A basic sulphate, of formula * 2Fo 2 0 3 .SO ; , or Fe 2 (SO,,) 3 .5Fe 2 0 3 , tt is 
precipitated from dilute solutions of ammonium iron alum upon pro¬ 
longed standing, 7 but no basie siflphatcs arc formed Ia' mixing ferric 
sulphate solutions with freshly precipitated ferric hydroxide. 8 On 
heating ferric sulphate solution m sealed tubes at 150 ' t . and a75°*C. 
respectively, crystalline products have been obtained/’ corresponding 
to the formuhe yFc 2 0 ,. bS() { .9ll 2 0 and l0Fe 2 ()j.S() t ,.II 2 O. ' 

A baste ferric sulphate under the name of chemical sand is used 
commercially to neutralise the alkali present in waste soap lyes from 
which the glycerine is to he rceo\eml. L is manufael ured by toiling 
dry anti finely powdered iron ore (oxide) with concentrated, sulphuric 
acid, and allowing the fluid mass to spread out <^n an iron lloor. When 
solidification lias take n*place, the; mass is broken up and lieafe<U«ta 
temperature of 200 J #to 280 (’.Mbi ynne holies, when it is ready for 
use, and consists essentially' of feme oxide* and ferric sulphate. 10 

An acid sulphate, termed ferric tetyasulphate, Fe 2 (S() 4 ) 3 .Jl 2 S() 4 . 
8 II 2 0, may he obtained by dissolving tlV anhydrous sulphate 7n 
jvO-noifnal sulphuric acid, and allowing the while crystalline product 
tft dry. 11 It is produce*^!, together with a eopiaj^te*, when a neutral 
solution of feme sulphate is concentrated.^ It is soluble in water, uijjd 
decomposes at 100° C. The* siTlphune acid may he* re place d hpsulplyitcN 

1 Manehot, A ii/w£e«,'l9IO, 372 , 179. • , t 

1 R oh art. Com M. rend., 1883, 96 , 1705. • 

3 See list by Mackintosh, Amy- «/.*Va., 1889, (3), 38 , 2Y2. It in*not iiere suggested 

that these; are all delwiA* com]>ound). # 9 

4 Wirth and Bakk<\ Zntsch. u^ionj. Chun., 11114,87, 13 Oielmar^ eopmpito is termed 
m a to distinguish it from a similar kiJMhI&dco tailed p copianito, the confpoHitio* of which 

is slightly different, namely, 2lk: 2 (), 5SO a .l8li 2 (> (Wirth iflid liakki-’s formula). 

4 Scharizer, Zeitsch. Kryat. Min., 1907, 43 , ill!; 11)09, 46 , 427. • 

8 Pickering, Trans. ('hem. Hoc , 1883, 43 , 18z; 1880, 37 , 807. 

I See p. 104; also Pickering, Trans. Cfom. Soc., 1907, 91 , 1981. 

8 Cameron £nd Robinson, J. Physical (item., 1907, II, 041« 

• Athanaaesco, Comjtt. rend., liiKO, 103 / 271 . » 

10 See Martfti, Industrial and Manufmturtng Chemistry (Organu^ (Lockwood, 1913), 
p. 123. * ' 

II Sobaiizei, Zeitsc\ Kryst. Min., 1901, 35 ,345 ; Recoura, Compt. rend., 1903, 137 ,118^ 

Komar, Chem. ZtU., 1906, 30 , 15 ;**Wirth and Bakke, loc. at* * 

vol. ix.: n. • * 
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of the alkali and other mctafc yieldin'' well-defined compounds, for 
which reason the sail is frequently termed ferrl displphuric acid, the 
formula being expressed as M[Ke(S0 4 ) 2 ]4ll,0. When exposed over con¬ 
centrated sulphuric acid it slowly Joses live mdlfcujes^of water, yielding- 
2H[Fe(SO.,) i ,|3lJ 2 0, the same change taking place rapidly at 98° C. . 


* Dhuhle Sulphptes. 

Fej(S(\),.l''e}>0 4 . l-(JMIl,,) a S|^),.J{II 2 0 is obtair.'ed 1 as colourless needles 
when ferrous sulphate is a<[ded to fused ammonium "sulphate, the 
latter Jiring in excess.- Thj- * salt dissolves slowly in cold water. 

^Density 2-02. 

l , V 2 (S0,). ) .3(NH ) ).,t->0 1 results 1 ,on heating the preceding compound 
in tlie pr^'scnijc of excess ammonium sulphate. It crystallises in white 
prismatic needles, of density 2-31 at 14° C. 

Fe a (,SO il ). 1 .(Nll|),S(),.is obtained 1 in a similar manner to the pre¬ 
ceding salt, the hcitiing being more prolonged. >> It yields hexagonal 
crystals, of density 2-to at It" l'. When further heated it yields 
ferric sulphate, Fe 2 (SO,)j, and at higher temperatures ferric oxide, Fc,0 3 . 

Mixed double sulphates, 1 such as (Cr, Fo) 2 (S0 1 ) ;j .(NII,,). ! S0 4 , and 
(Al, FeJjfSOjJj.lN'H^jSO,, have also been prepared. 2 


li'rrri-Sitlpliuli 'll; 

■ Amfnonium ferri-disulphate, NH.,|Fc(SO,) 2 |, is prepared by heating 
a solution of ferric ammonium alum with sulphuric acid for some 
hours. 2 ' It is a white crystalline powder, sparingly soluble in water. 

The potassium sail, K|Fc(SO,) 2 |[ljO, is obtained in a similar 
manner. 2 

Trteodium ferri-trlsulphate, X:v.,| T'< (S(), )., |;tl 1 2 <), occurs in nature as 
ftrro-mlrife. in Chili. It may 1«- prepared by heating sodium sulphate 
decaliydVate. Nn s S() 4 .l0ll 2 O. until il melts in its combined water, and 
tlv»<adding sulphuric acid and ferric sulphate. 4 it separates as a white 
substance, which is slowly dissolved by water with decomposition. 
The salt may "also be obtained by allowing a mixture of acid sodium 
sulphate and fcrri-disnlplmriy acid to remain in contact with a moist 
atmosphere for several iiipnths, when the complex salt crystallises out 
in greenish jyhitc hexagonal crystals. It is completely dchj drateA % 
at 1(H) €.* 

u A basic salt, 2Xa 3 0.1V 2 0 ; ,.4.S0 1 .7lI 2 0, lias also been prepared. 8 

jyhen.barium chloride is added to sulphuric acid or soluble sulphate 
solutions containing dissolved ferric salts, the precipitated barium 
sulphate is contaminated with iron. This has been vaiicusly attributed 
to adsorption of ferric compounds, and to tin* formation of solid solutions 
v of ferric salt Wind barium, sulphate. Smith, however, does not regard 
either of tliesi* explanations as sat sfpct.iry, and attributes the 
phenomenon to the formation of insoluble barium ferri-disulphate,' 
' Ba[Fe(S0 4 ) s | 2 .i'H 2 0, which is adpr.ixed with barium sulphate. 7 

* Lachaud and Lepierre, Compt. rend., 189?. 114, 91/i. 

* Klobb, Compt. rend., 1893, 117, 311. / 

* Wetnland and Knagrabety ZtiUch. anorg. Chem., ! 913, 84, 340. 

4 Skrabal, Zeitscff. anorg. them., 1904, 38, 319. 

6 Sohariz^r, Zeitsch. Kryet. Min., 1905, 41 . 209. 6 Skrabal, loc. cit, * 

T 0. M‘P. Smith, J. Amtr. Ch«m. Soc. t 1917,39,1152, See also K.%ravg!»nnw, ZtiUch. 
anal Ch*m„ W17, 56 , 225. 
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• ■ Ferric Alums. 

Ferric sulphate unites with‘sulphate* of the alkali metals and 
ammonium to {yield wcllqlclined crystalline salts of general formula :— 

' * 3l ii S0 4 .Ke J (S(t 4 ) 3 .2'tilj0. * . 

^ • • 

The iron ulyms urn imomorphous, not merely with one another, but 
with the wide series ol' sails krtuwn us aljnns of generic formula :— 

. * Jl > S0 4 .lt l (S0 1 ) s .24Il ! 0, 

# • • ■ 

in which M may, 4s before, be animoifiym or an alkali metalf whilst 
,R may stand not merely for Fe, but also for Al, Cr, Co, (la, In, Ml),' 
Rh, Ti, or V. All possible combinations of theseliave not as yet been 
prepared, but such as are fnnwn etystallise in the cubic system as 
regular oe'.ihedrji or as combinations of the octahedron and cube. 

The internal structure o£crystals of variou.r ninths lias been studied 
by Bragg's X-ray method. 1 and the conclusion arrixed at is that the 
water of crystallisation is not‘to bp regarded as in any way distinct 
from the other constituents of the molecule, since its removal necessitates 
the destruction of the crystalline structuiV. Werner’s generic formula 
for the alums is in complete harmony xyth this, namely : 

I iU(ii 2 o')J.i|o; M . 

Sometimes the formula for an alum's written as 
Mlt(SO,) r filljO, 

indicative of an associated sulphate anion. The trivalent metal, 
however, figures among the cations along with the alkali incttd* and 
does not enter the anion. Thus, for example, in !h4 case oj' the iron 
alums, the iron is one of the positixe radicles; it does not constitute 
part*if the negative radicle, as in the case of til*fermeyanides. lltflpe 
a solution of an iijm alum gives all the reactions of a ferric salt. 
Raoult 2 has shown that, the molecular depression of the*freezing-point 
of water by to quote a specific example ferric potassium alum, 
namely 85-0° C., is practically identical wftl^the sum of the moleeuljr 
.depressions produced separately by potassium sulpha^- and ferric 
Sulphate, namely 82*1° C. dn aqueous solution, therefore, the alum 
appears to be dissociated’into its constituents.* 

The refractive indices for the l)-line amf densities of the iron alpms 
are as follow;— , , * 


• *~ 

Ahlm. • • 

. * 1 

Refractive Indeic. 

• • • 

• . 

* . f 

Ammonium . . , . 

14848 J 

# • • 

1718 4 

Potassium . . t 

•.1-48109 

• I -806 

Rubidium .... 

1 48284 

1-iHO 

Caesium ...... 

k 1 -48378 

2-001 

Thallium . . . ’ • 

% 1 52365, * 

2 385 

• • 


« 


. . _ _ _ 

* 9 . 


i Vegsr 4 l and Schjelderop, Arm. 1'hyttlc, 1917, 12), 54 , 116. 

> Raoult, Oomft. ratL, 1884, 99 , 914. * _ ' 
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The refractive index is seen tt> increase with the'molecular'weight, 
except in the case of the iron ammonium alum?* 4 

Tlic solubilities of fhenkfms in water at 23° C. are as follow : — 2 




1 • 

• -- - - 1 .« 

♦ 

(Jram-molecules dis- ( 

Grams of (Anhydrous) 

# Alum. , 

solved per Litre #>f 
Water. 

Alum per Litre of 
Water. 

_ ....... 

__ , f._ 


- • * 

Ammflniuqi 

1-659 

• 

Rubidium . * . 

0-293 

97-4 

Ciesium 

« 0 045 

17-1 

Tlfalliuiji . t . 

o-vtm 



The relatively low solubility f of the cicsmm s.Vt is remarlviblc in 
view of the great solubility of ferrous caAium sulphate (see |>. 13(1). 

Ferric ammonium alum or Iron ammonium alum, (MI 4 ) 2 S0 4 . 
Fe^SOiJj.ailljO, has been obtained by eieetrolyshng a solution of 
ferrous sulphate and ammonium sulphate. 2 The cathode consists of 
platinum wire immersed m acidified fprmu.s sulphate solution contained 
in a porous pot. An acidulated solution of ferrous a‘ijd ammonium 
sulphates surrounds the pot, and is contained in a platinum dish which 
serves as anode. A current ol'tMH ampere is passed through the cell, 
and after several hours crystals of the alum are deposited round the 
anode. 

Aqueous solutions of the alum rapidly become turbid when dilute, 
although concentrated solutions remain clear for several months. 
Addition of ammonium sulphate increases the hydrolysis, whilst sul¬ 
phuric arid exerts a marked retarding influence. The' precipitate 
Claris’s of a basic sulphate of iron. 2Fc 2 ().,.SO > ,. and the hydroly^s is 
believed 4 to follow the course indicated, by the equations : - 

2Fo a (S0 4 ) 3 P-'(\H,),S() 4 '| flll 2 0- ' -2Kc 2 O a .S() 3 | 5H 2 S0 4 I 2(MI 4 ) 2 S0 4 ; 


WV expressing the change iwirfeally : 


41V" MW,' i XSO,” | 511,0 

i 

or 



« 41'V • j SO,” | 511,,0. rs2Fe 2 O i ,.S() 1 | toll . “ 

The im-t tlml (rrrie hydroxide is no^ono of the products of hydrolysis 
explains why aipvumium snlphntq does not retard the reaction. 6 
< On addition of eoileentrated sulphftrie 'acid to, a solution of the 
"alum a wliftP ‘preyipitAti is obtained 'which contains ferric and 
arrfmonium sulphates in some uncertain stile of combination. The 
r Jirceipitate when dry is suable in air, slowly soluble in cold water, but * 
readily soluble in hot hydrochloric ucid, and is possibly an ammonium 
salt of fern-sulphuric acid (sec p. 162). 

1 Soret, Comp', rend., 1884, i/j, 867. 4 

* Locke, Amev. Chem. Jr, 1901, 26 , ICO, 332. 

* Howe and O’Neal, J. Amer . Chem. Soc , 1898, 20 , 759. 

* Rae, Tran r. Chem. Soc., 1910, 109 , 1331. 

• 6 See also 1 Vagner, 1 lonaUh., 1913, 34 *95. 
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The‘densities ef various concentrations of iron-ammonium alum 

solutions in water at 82<6° C. arc as follow :— 1 * 

• • 


(trams (NJtd,80,t' t 'i(S<l < )i.24H i C 
in/00 (trams H 4 0. • 

* *-'•- 

* Den. it\*. 

- - ,.- » •- . . ‘ 

20/M 
. * 15 -00* 

_ * __# 

§ 

• 1 -0791*0 

* 1 -8*5907 

10-00 

,• 1-03801* 

" • 5-02 

* *1-01070 

2-01 . 

1 -00370 

0-80 • *, 

0-0*9819 

* 

1 4 


1 

*-—- 


Ferrid potassiurn^alum,* K^SO^l'Y^SO,).,.2*111,/). may ho olitained 
hv mixing together concentrated solid ions of potassium and ferric 
sulphates in the requisite proportions and allowing to stand for some 
days at 0 win s the salt crystallises ouj in violet octahedra. 

It cannot be obtained asVeadlly by electrolysis as the ammonium 
■ salt, owing to the relatively .slight solubility of potassium sulphate. 
Addition n£ potassium hydroxide to a solution of*the alum, and 
subsequent evaporation yields a crop of crystals yellowish lyjown in 
colour and ]iosscssing |)ccuhar npti'gd properties like tourmaline. 
Their composition is given as 5K 2 S() 4 .2Fi\,(.S(),),,,(()II) 2 .1(>II 2 0. Tljj 
crystals decompose to iron alum and a basic salt. * * 

The densities of various concentrations of the alum in water at 
17-5 C. are given ~ as follow : 

Iron alum (yi r « * 

cent.) . 5 10 15 20 25 ‘ • 80 

Density ■ 1-0208 • 1-0400 1-0072 t -dS9t 1 It 00 1-^22 

Ferric rubidium *alum, Rb 2 S0,.Fe 2 (S0 1 ).,.2TII 2 <), and>ferric caesium 
alum, t'sjSt)F c 2 (SO,).,,2UId). have been obtained 3 by electrolysis in 

an analogous manner to the iron a.. alum. e Thoy are ofra 

delicate violet colour, turning slightly greenish upon exposure to air. 
*'Iihei»solubilitic.x in water vvHli rise ol*tcmperatiire # are as*lollovv : - 4 5 

'ftmperaturc, °C. 25* 80 85 40* 

Grams Hb a S0 4 .Fcj(S0,) : , per litre of . # • • 

water . . V7-4 202 4 "> . ta > _ 

Grams CsjS0 1 3''e 2 (S0 4 ) 3 per litre of . • . 

water ... . 17-1 25-2 87-5 00-4 

• • • v 

• Ferric magnesium allim, *MgS0 1 .FV I (S0.),. 24ll 2 6, • has jilso btcri 
obtained.*’ • m 

Ferroso-ferric sulphates occur iifculture. Uuvurite (see p. 20) if B 

1 Rap, loc. cit. . k 

* Franz, J. prakt. Chan., 18731(2). 5. 274. 

• 3 fiowe and O’Neal, lor. at. * 

4 Uxfke. Arner. Chew. J., 1901, 26, 1M, 332. 

5 # Decomposition into baaie salt takes place at this temperature. 

* « Bostick, J. Pharmjihim., 1854, 13, l>30. < 
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mineral with yellow triclinic crystals and a 'composition represented 
by FeS0 4 .Fc 2 (S0 4 ) a .12lI a 0. Its crystallographic elements are:— 1 

a : B : C--0-8T91 : 1 : 0-8175, 

44', • ft ■--- 1«')2 0 17', yi=r85"-18'. 

The salt may be prepared‘artificially by allowing ^ mixture of powdered 
ferrous sulphate and acid ferric sulphate to remain in contact with 
moist air (or severe I months. ' It is then obtained as >i reddish brown, 
crystalline powder. 2 ft decomposes in moist air, yielding ferrous and 
ferric sulphates! the latter giving a-ropiapitc and the acid sulphate. * 

In vultaih; the iron is partly replaced by other metals yielding iso- 
morphous salts. By.adding ferine, sulphate to fused ammonium sul¬ 
phate a compound of ferroso-ferrr sulplufte with ammonium sulphate 
has been'obtained namely, ferroso-ferric tetrammonium, sulphate, 3 
FeS0 4 . Fc,( S() 4 ) s . t( X If, ) a S(),. 311,0 as colourless needles, of density 
2-02. It dissolves slowly in eold water, yielding t( basic salt orjt warm¬ 
ing. When iieated with ammonium suilphate it yields ferric tri- 
ammonium sulphate, referred to above. 

The following acid salts have also been obtained f— 4 

^VS( ) 4 . Fe a ( S0 4 ) 3 .211 a S0 4 , 

NiS0|.FCj(S0 4 ).|.2lI»S0 4 , and 
2MnS0 4 .Fe 4 (S() 4 ) 3 .3ll a S0,. 

Ferrous amido-sulphonate, Yc(S0 3 .NII 2 ) a .(?)51I a 0, is obtained by 
(Ttssolvr.ig iron wire in aqueous amido-sulphonie acid, and concentrating 
in vacuo. 1 ’ The crystals are bluish green in colour, deliquescent, and 
exceedingly soluble in water, from winch they are not precipitated by 
alcohol, thereby differing from ferrous sulphate. The crystals appear 
to contain 5 molefules of combined water. 

Ferrit amido-sulphonate, Fe(SO.,.NlI a ).,, is prepared 5 by dissolving 
femic hydroxide and amido-sulphonie acid together in water. 'The 
solution obtained is bright brown in colour, and dries up into an opaque, 
amorphous, brittle mass, which is brown in colour, very soluble in 
water, but not at all deliquescent. It possesses the astringent, taste of 
fetric salts of inorganic acts Is. and not that of the citrate or tartrate, 
the inference being that the iron constitutes the positive ion and'is not; 
included in the negative radicle. ' ■ - 

» Ferrous thiosulphate,' FcS a O a .5II a O, may be prepared by passing 
hydrogen .sulphide through"a cold solution of ferrous sulphate and 
sodium thiosulphate. The precipitate consisting of sulphur and ferrous 
sulphide is washejj and suspended in water through which a current of 
sulphur dioxide diluted with hydrogen is-passed. The reactions are :— 6 

• 1 a i ,i . 

, ' 2FoS + 3SO a =2FeHjO t +<S, 

" Fcf.+8S0 a =FcS 4 0 4 , ,, 

FeS-)-3SO a/( —FeSjO a -|-S. 

1 Blttfts, Monahk.. 18S3. 4 . S3? 

* Soharize 1 ., ZeiUtch, Kryst. t 1 ., 1 i/03, 37 , 529. 

3 Lachaud an/ 1 I^piorrc. loc. cit. ' , 

4 E>*axd, Compt. rend., 1878, 87 , 002. 

5 Divers and Haga, Tran*. Chem. Soc 1890, 69 , 1034. 

• Feld, ZeifrcA. angeu\ Chem., 1911, 2 ^ 290. y 
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A furthe# quantity of the sulphide ig then added to remove excess 
sulphur dioxide and to jcduce the polythionates :— 

. ' FeS ,0, -!- FeS - 2FcS a O, -f S. 

‘ ... ftS.A+FeS,,2Kei)A. 

• 

The salt may atso be obtained by triturating a concentrated solution 
of ferrous sulphate rrtth barium thiosulphate, 1 but it is less pure, as«it 
contains sonic t.otrathiojiatc as veil. 2 It results whey-sulphur is digested 
with ferrous .sufphatc solution, and wluhi iron/s dissolved* in aqueous 
sulphurous acid. 3 "This latter reaction i*somewhat complicate^, ferrous 
sulphite being First jtroduced. thus: • • • 

Ke idbSOt JVSO , : '_'ll. 

The nascent hydrogen then "attacks either the sulpl^irow. acid (or 
ferrous stdphihe), reducing it to thiosidphurie acid (or ferrous thio¬ 
sulphate). Thus: — • * , 

Fc+2II a S0 3 -f-2lI pYS.O, I 

On coneentrafiorgferrous sulphite, beiiio much less soluble, crystallises 
out first, leaving the thiosulphate in solution (see p. 1 to). 

The salt yields green ^crystals, readily soluble in water. They 
belong to the.trielinie system, their crystallographic (*leinents being as 
follow:— 4 ** 

a : I) : r -0-37C.73," 1 : 0-57.S 1.1. * 

a -10 t n 57'. ft US’S y 

The salt, readily oxidises in air. yielding a basic ferric compound. 

The double mill, Fe 2 S a () l ..'SNa,S.,t)|.Kll,0. is obtained 5 6 by precipi¬ 
tating a mixed solution of ferrous iodide and sodium thiosulphate with 
alcohol. It forms bright green crystal ., r ad11v solphle in vat*^\ 

FerrouS disulphate or Ferrous pyrosulphatc, FeS a (J. is ygrcipitntcd 
aswhite powder liy^ mixing a saturated solution of ferrous sulphate 
with several times its volume of concent rated sulphuric acid. •Ex¬ 
amined under the’microscope, it is seen to consist " yf line prismatic, 
crystals, which absorb water on exposure to air. 

Ferrous tetrathionate, FeS t 0, ; . result-•ii; unstable solution on adgiing 
ferrmis thiosulphate solution in sn&dl quantities at “a time to ferric 
.chloride:— . • * 

% 2FeCWj ! 2FcS,(), FeS,0«W ••tl'Tl'lj. # 

The product readily dceomjKiscs, evolving sulphur dioxidt., Thug:— 

, . * FcS,0 6 • FeSOj-l-SOj ■ 2S. * . 

Ferrous dithipnate, lhtj.rt,, is readily obtained by. double decom¬ 
position of solutions of the bariirtn sait«atid fgrrohs* sulphStc. ThF 
dithionate is also forme?) by dissolving ferric hydroxide in julphdrous 

1 Vortmann anil Paitbcrc, per.. 188!). 2a,.2fit7 ; HammeWrTg,*JV;g. Attnakn, lftst, 
56 ,306. * 

* Feld. loc. cit. . * 

* Berthoflet, Ann. Chim. Phyi.fi 183\(2), 2 , M ; VopelV- ]>raki. Chnn., 1836, 8 , 102 ; 

Fordoiuind G4lfa, Pharm. Chfin ., 1843, (3), 4 . 333. • 

« Fock and JUilsn. Her., 1880, 22 , 3310. 

6 Vortmann and Padbcrp, tt<r. x 1889, 22 , 2037. 

* Bolaa/IVarw. Cfonu «S’oc., 1874, 27 , 212. 
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acid, 1 and allowing to stand fqr some hours. If the ferric Irytlroxide 
is pure and well washed, it dissolves exceedingly, slowly 2 ; the ordinary, 
freshly precipitated hydjoxjde dissolves rapidly. On standing, the 
yellow solution bceontes green, as the ferric iron beconfcs reduced to 
ferrous. The reunion appatentlyjtakcs place In Stages involving the 
intermediate formation of feme sulphite which salt, however, has not 
lg!en isolated. Thus : • • • . 

, «<V(()II) : , I :«o :) I'c/so.,), i;m 2 o,. 

• Fc 2 (St) ;l ) 3 -= FeSjO, | FeSO a . 

On passisg sulphur dioxide'into cold solutions of ferric sulphate, 
ferrous dithionate is formed. 3 Witji a 2 |>er cent, solution of ferric 
sulphate, HO per cent) of the sufpleate is (^inverted into dithionate at 
0 ° ('., lmt^thisyamoiint diminishes its the temperature rises, none being 
formed at 96° t'. The equilibrium may be represented by/lie cifuation : — 

l'V 2 (SO„').,| tiS0 2 [ 911./)- -2F^A-K>ll 2 SO t . " . 

It. is interesting to note that ruthenium sulphate behaves in a pre¬ 
cisely similar manner.* On concentration bluish fj-ccn crystals are 
obtained, which art unstable m air. 'They contain 5 or 7 molecules of 
combined water, and belong to* the triclnyie svstem. At 1H'5° ('., 1 
part, of the hcptahydriitc dissolves in (t-59 part of water. 5 * 

The following double salts hu\ e been prepared : " '' 

*■ FeS.,()„.:i(NII 1 ) 2 S/i„.0lI 2 O (monoclinic), and 

- „ /FcS,0,,.lH(NII l )",S J (> l ;-TtlI/). 

Ferric dithionate has not been isolated, as its solution decomposes 
yielding ferric sulphate, ferrous dithionate, sulphurous and sulphuric 
acids. 

.* • IRON AN1) SFd.KNUIM. 

fthen iron and selenium are heated together*to a high temperature, 
combination takes place, but the product usually contains more 
selenium than Vnrrespomts to the monoselenide or ferrous selenide, 
FeSe. By healing the product in hydrogen, however, the monoselenide 
results.'•" further reduction’ lo < a. sub-si lenide not taking place, 
although the selenides of nickel and cobalt are reduced to sub-schmides 
under like conditions,. 1 • < * * 

* Ferrous selenide was hirst obtained by Divers and Shimidzu 8 by 1 ' 
heating a ipixture of wrougfit-iron filings*>and selenium in a graphite 
pot. When the mixture had grown hot, ,a considerable portion of the 
selenium laid volatilised and a further'portion was added which com¬ 
bined with the Iron with very little loss, causing vivid* ignition and 
complete liquclariion. Xhy produ-t thus• obtained'ekisely resembles 
iron*sulphide. /t*is hot very sensitive tiMuyds, but when warmed with 

- 1 fiffis, An*. Chini. /%.*./l8fi2, (3), 65 , 222. ' 

% 1 Carpenter, Tran*. Chun. Soc. , 1902/61, 1. * 

9 Anthor\v and Manosse, (lazzetta, 1890, 29 , \. 483. 

4 This volume. Part 1., p. 149. c i 

6 Kliias, Anmiioi. 1888, 246 , 179; Chcm./lentr* 1888, p. 215. 

• Klims, loc. cit. , * f « 

T F^bre, Fhctr d* Doctoral, 1889 ; Ann. Chim., 1887, 10 , 520. 

• Fonzee-lHaoon, Com pi. rend., 19(H), 130 , 1710 ; Bull. Soc. chim., 1900, 23 , 811. 

• Divers and Shimidzu, t Tran*. Chenu Soc., 1885, 4 ft. 441. * * 
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dilute Hydrochloric acid, after first pawdering, hydrogen selenide is 
steadily evolved. The «hcat of formation of solid, crystalline ferrous 
selenide is 181,-lot calories. 1 • . 

Ferric selanlde or inon sesqui-selenlde, Fc a S ,, was obtained by 
Little 2 by heating irort to redness Jn selenium aifoyr, cooling, and 
fusing the product Vith excess of selenium under a jayer of borax. It 
also results when hyiltifgcn selenide is passed over ferric oxide at red 
heal. :1 It is a grey crystalline powder. • ^ , 

Iron dlsel^nide, FcSc.,‘ is prepared by hearing anhydrous ferric 
chloride to dull red heat in hydrogen* selenide. 3 ‘When ignited in 
oxygen, it yields ferric oxide and selenium dioxide. * • 

• Two otiier selenides, namely F‘VSc| and Fc 7 Sc, t or FojSe 4 .4FeSc,* 
have been described. 11 . • ’ • 

Iron Selenitcs. Although metallic iron does not ^ppair to bo 
soluble in V-lcnuus acid, yet selenitcs of iron are readily obtained in a 



This becomes darker on exposure to air in consequence of oxidation. 
If the white precipitate is dissolved in hydrochloric m-id, a portion of 
the selenium separates out, •whilst ferric chloride and sclcnous acid 
remain in solution. Thus : 

tFJScO, I 12lK'I=Sc’| tl-VCI, [.'kSeO.I (iir 2 0. 

Several ferric selenites have been described, and may be divided 
into three groups, namely basic, neutral, and acid sails. 1 ’ 

liftsic Salts. '1'lie salt, ;iI*Y : ,0 ;( .8S<-0.,.*2<SlI 2 (). is obtained as a'yellow, 
voluminous precipitate on adding sodium selenite solution to one of 
ferric chloride " at room temporal tin. This, win 11 lieati d lo 2.'i(l'230 o C. 
for several hours mtb water in a sealed lube, yields insoluble yellow 
crystals'* oU I’Y^O-j.SScO^. "litis latter salt may also be olgjuned by 
heating th<- deealiydrated neutral salt in tin snipe manner. 

Neutral Sails. Fc 2 0, ( ..1Se0.,.,rlI/), "flic following hydrates have Whin 
described: dcealiydmtc, 5 nonaftydrate,' 1 luptylixriratc,' 1 trihydrate, 2,6 
monohydrate. 5 * 

Acid Salts. The following salts are Jiiiown : Fe/).,. tSe() 2 .HlIjO,® 
Fe/Jj. tSc() 2 .!)II 2 0," FcjO.,. tSeO r l! 2 (),i and tV ? 0,.<;Si ()?>.>!I.,().'■ * 

• FefVous selenate, FcScO^. Iron <bssolvcs in aipnou% selenie acid, 

ytcldffig ferrous seleifSitc gnd a deposit of selenium,•which collects upon 
tffb surface of the undissolved metal and slpelds it from further at tactic? 
The rate of solution is thereby so greatly retarded that as a method of 
preparing ferrous^stimuli- it is tiny to bcjceommcrided." 'file nj-t result 
of the action nfiy be represented by tjie equation : • . * 

8 Ffc | 4lI 2 Set) 4 ^3Fe.Se0 1 -| ge # )- 4ll a 0.« •• • 

• . i • * • 

• 1 Fabre, Campt. rend., tSSfi, 103 . 34fi. 1 I.ittlp Anjuilrn, 1 "oil, Iij, 211. 

3 Fonzea-Diaeon, Compf. ren'I., 1900, 130 , 1710; Hull. Soc. chuti., 1900, 23 , 811. 

4 Muapratt, J. Ckem. Soc., 1848, 2 , 52. •% * 

5 Boutzoureano, Ann. Chun. Phys , 1889, (0), 18 , 289; Hull. Soc chiw., 1887, ( 2 ), 

48 , 209. # ' * 

• Nilson, Bull. Soc. c.hirn,, 1875. 2 f, 49m • 

7 No liydrtigpn is evolved. PAaumably (he nelenim»£ri produced by tin* action of 
naeoent hydrogen jipon the aelenic acid ; thua 

OH f H/Se() 4 :-4H g (» f Be. 

* Tuttfln.Vroc. I&y. Soc., I9fc£, A, 94 , 352. 
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Ferrous carbonate is likewise but slowly attacked by splenic act'd; 
a better method of preparing ferrous sclenate consists in dissolving 
ferrous sulphide in a concentrated solution of the acid. 1 The hydrogen 
sulphide evolved redbees a portion of the sflenic acid# in accordance 
with the equation': - ■ ‘ J • * 

. IIjSe0 4 -f 311,S =Se+3S -f +H-0* 

1 • * • 

The solution is therefore filtered and Ivhen allowed to crystallise at 
0°C. yields monoellpie crystals of the hrplahi/dnlte, _ Fc.ScO,.711,0, 
isomorphous wvtJi ferrous sulphate, FcS0,,.7II 2 O. The crystals s$e 
much l«.ss sfcdile, howevet, rapidly becoming opaque* When crystallised 
•■from warm solutions the penlahydrate, FcSc0 4 .5lI 2 0, is obtained, 
isogiorphous with eoftper sulphiftt* CuSO^SH./), 2 and ferrous sulphate, 
FeSOpSHjOy * 

• . Double Selennlcs. 

Ferrous sclenate yields double sclqnates with salts of lift- alkali 
metals. Their general formula is :•— 

M „Ss()FeSeO(il I 2 0, 

and they all crystallise in the hylohedral class of the monoelinic system, 
and are isomorphous with the other suits of this series (ye p. 155). The 
crystals rapidly decompose at temperatures very litfu- above 0° C., 
S(\that*a study of their crystallographic elements and optical properties 
is a task of'considerable difficulty. The following salts have been 
"Studied : :l • 

Potassium ferrous selenate, K 2 Se0 4 .FeSe0 4 .CH 2 0. 

, n:l>-.e 0-7190 : 1 : 0-50 H. 103° 50'. 

* . Density at 20" ('.,‘2-t!H. 

■ 1 ' Molecular volume, 210-39. 

••Rubidium ferrous selenate, Hb 2 Se() 4 .FeSe0 4 .fiII 1 0. 

(t : b : c -<1-742» : I : 0-50l)0. j8 10t“ 57'. 

Density at 20" t’.. 2-800. 

, Mojeciular volume. 220-29. 

Caesium ferrous selenate, ('s l V?e0 4 .F«-Se0 ) .6H 4 0. 

'a : b :V--=0-7308 : l’: 0 +979. ' )3,106° 2'. 
lienjity at 20° 0., 3-048. 

. Molecular volume.’ 233-21. 

*• | 

, Ammonium ferrous selenate, (NII , ,) 1 Se0 4 .FeSc() 4 .fiH 4 0. 

c 0 -7+33:1": 0-50W. ,8=106° 9'. ’ 

Uevsity ah20° C., 2-191. ‘ r 

1 Molecular volum:-, ;!20-39. 

< 

Ferric Sfbnium Alu/ns. 

r Ferric- rubidium selenium alum, Rb i ,.Se0 1 .Fe 2 (SeO,) :1 .2+H i O, 'is 
obtained when the requisite amoun^fof iiihidium carbonate is added to 

r 1 Tut ion, Proc. Roy . Soc,, 1018, A. 94 . 362. 

■ Wohlwill, Annolen, 1860, 114 , 160. 

1 Tu^ton, Phil. Trans., 1919, A, 2 x 8 , 396. * 
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# • 

a solutton of freshly precipitated ferrie*hydroxide in excess of aqueous 
sclenid acid . 1 • 

The alum crystallises out in* pale viob-t. crystals, belonging to the 
cubic system.* Its density at 15° V. is 2 1808. * At 40° to 45° C. the 
crystals melt in their combined watij, yielding a red*liquid. 

Ferric caesiun# selenium alum, Vs,Si/), l .I'V i ,(f<0,,) ;l .24H,0 ) pre¬ 
pared in an analogoussnhnner to the preceding suityields violet crystals 
of density 3-6176 at 15° Cl. 'These malt in their combined wafer at 
55° to 60° C. # * * • . / ^ 

• * IRON ANI) TKPXl'HMTM. 

• Iron combines with tellurium »whyn the twey elements arc heated' 
together in an inert atmosphere, yidling ferrous telluride, 3 l-YTe, Vs a 
hard grey crystalline mass. Stable in moist air, it is but sVwft' attacked 
by acids in the child, although bromine water readily,effects its solution.' 1 

FerriC tellurite oivj i rs in tint me as the mineral durdetiiU• in Honduras, 4 
associated with metallic tellurium. IlSrdness 2 to 2-5. Its chemical 
composition closely approaches (hat represented by the formula 
Fc 2 0 : ,.3Te0 2 .4ll 2 (fc or Fo(To0 3 ) 3 . Hl,0. Vnnnonsite is another naturally 
occurring ferric tellurite fouifd in*Colorado * as yellowish green scales, 
associated with lead carhomUc and qurirtz. 


IRON AND (IlltOMHTMA 

Ferrous chromite, FcO.t r.t).,, occurs in nature ns j-hronyite (sc# 
p. 13). It may lie prepared in the laboratory by heating to a high 
temperature an intimate mixture of iron tilings, ferrous carbonate, and 
potassium bichromate, covered with a thin layer of cryolite. The 
cooled product is ‘extracted with water and concent rated a<*fds in 
succession ; *a residue is obtained containing chromite as smalhietuhedra, 
cubo-oetahedra, and cubes. 7 • 

Ferrous chromate does not ajipcar to lx- capable of existing. Vvftcn 
solutions of ferrous'sulphate and chromic acid, or its. alkali salts, arc • 
mixed at low temperatures, the iron is oxidisid, basic ferric sulphates 
resulting, the chromium being correspondingly reduced. If the ferrous 
sulphate is in excess, ferroso-ierne sufyhub- ft suits. 

• # hynnerous basic 4 double, ferric Jhrornates j^ivc lx i n prepared,® 
qpmely:— • * 

8K,O.0FejO 3 .2CrOj - obtained by the'action of I'errou*. sulphate 
on potassium chromate at 0" ('., at winch temperature it is 
dried with alcohol and ether. It. is black iq appearance, lnJt 
brown‘when moist* • , 

4K a 0.3Fe 2 0 3 .*4Cr0, a yellowish brown micro-crfstuflline firecipi-* 
tate, obtained by’aijditiion of excess of potasriujn chromato to 
ferrous sulphate solution. » 

1 Runcaglioto, Gnzz.Ha, 1905, 35 Alt 553. 

* Margottet, The\se de Part*, 1879. 

* ¥ abre, Ann. Chim. Phu* , Jtf 88 , (tt), 14 , 110. 

4 Dana and WVIIk, Aairr. ./. e\., 1890, 40 , 7^ * 

* ilillo.hrand, ibid., ]». Kl ; ZrUttrh. Krynt. MVh., 1887, X2, 492. 

e For alloys of iron and chromium, see thin volume, I’aft 11!. I 

7 Meunier, Com pi. rend., 1888, 107 , 1153. 

• * Lepierre, 1 bid,, 18<V> 119 . 1215. 
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4Na 2 O.7Fc 2 O ;J .10CrO s and • fi(MI 1 ) 2 O.5Fe 2 O 3 .0OrO. ) are obtained 
in a siniilar manner to the preceding salt; but rt^Iacing potassium 
chroitiute by )»odk>m»and ammonium chromates jespeetively. 

Other complexes that have bean prepared 'arc :'- J 

7R,O.OFe. ) (^.10Cr(>, ; H< 2 0.3Fe 2 (),.1 lt'r0 3 .<TlI 2 0 ; 
«K,O.2Fe J ().,.0('r() 3 .r»n. l (); «K,O^Fe/)* f6('rO n .3lLO ; 
2K 1 ().2Fe 2 '4J,.7( rO,.7HjO ; 

:tK.,().2Fe 2 (>,.<l*rO :l ; .flU). l Fe 2 (),.l d(’rO,.Sll/). . 

• * * # • 

Feme ammonium throyiiite, (XII,).,( , r() l .Kc.,i( , r0 1 ). ( .4ll.,0, and 
•ferric potassium chromate, K^ rO^lM^CrOj^.^II./). \m\v been pre-» 
parcel 2 as dark red crystalline plan's bv t(jo slow tvnporntion of mixed 
solutionslyric chloride and amlnonium (or polassium) diehromate. 

• ! LopitTir, lor. rit. 

« 2 I[oii^fii. Hn , 1H7U, l'z, lGoD.^ 
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CHARTER Vril. 

• • • 

IRON and the elements OF CROUP • 

iron ‘and Nitrogen. 

Iron nitrftte, Dif«rro-nitride, Fc„N or Fc,N 2 .- That jron combines with 
nitrogen was tirst observed \§\ Depretz. 1 who gavejo the compound the 
formuhPFc 4 N\>. A natural mtgde of iroTi has been found in tin lava of 
Etna ' as the mineral .sidnuzote. When heated m hydrogen ammonia 
is evolved, metallic iron constituting the residue. The importance of 
carefully studying the maiim'i' in* which iron combines with nitrogen 
has been increasingly emphasised wdhtn the last decade, because the 
presence of ndnogen m steel has been shown to affect rcry materially 
the mochanicad # propcvtics of the metal. For example, the ab.^irption 
of 0*3 p<r cent, of nitrogen cut inly *uppr< sses the critical changes 
occurring in pure iron, 3 and prolonged heating in vacuo is necessary t<w 
effect the complete expulsion of the gas. Nit rogcnise*l steels arc 
brittle, showing an increase in hardness and tenacity, accompanied by 
a decrease in elongation and duetihl\ these properties resulting from 
the tendency of thv nitrogen to retain the iron in the gamnmSiforrn, 
and the carbide m solution. Tubes of malleable iron.,after, exposure 
for several days to ammonia at SOU ‘ beconu^so brittle that they can 
be broken like porcelain with a blow from a hammer. A rod of s'Oft 
charcoal iron, after like treatment, becomes sojiard that it can be used 
as a drill. 4 

Nitrogen is slightly soluble in iron, t he ^solubility being proportional 
to the square root of the pressure.-' * \ • 

Ir<m and steel absorb small quantjtns of nitrogen wInn heated to 
abov<* 1200° C.and wh # m fuelled under a high pressure of the gas. 7 
t^idcr ordinary conditions, howc\ er, nit r< l\ Renting the metal in nitrogen 
yields no perceptible quant it)*of nit ride.* 4 , * • 

Continuous heading of ther<;due< d # mctal is stated to rosy It. in a 
small amount nl* nitrogen absorphoi^' as also expose of the finely 
divided reduced metal at the ortlmarv temperature to nitrogen. 10 

, . . - • •• * 

1 Depretz, Ann. ('him Vhy< *1K29, 12), 42, I22 fc 

8 Silvc-Htri, Annuli n, lS7i),*i57, H».> 

3 Andrews,*/. Iron Sled Inf., 11)12, 11., 210. * 

4 Beilby and Henderson, Trans. ('hem. .1001, 79. 1250. .See'tilso TKchiflelievKki, 
J. Iron Steel Inst., 1915, II., 47 ; *Hraune, Rtr. MeUUlurgir, 1905, 2, 497. 

6 Jurweh, Stahl un/i Ei*en, 1914, 34, 252. 

4 Sievcrts aTut Kruinbhaar, far., WIO.V). 893. 0 

7 Andrews, loc. at. ; Kogsladitv, J. pram ('hew , 180g*86, 307. 

1 See fiaurfcnd Voerman, Zevtsch. phydkal. ('hem , 190;>, 52, 407. # 

• Sieverts, ibid*., 1907, 60, 129. 

10 Rogst^diiis, J. pyikt. Chew., 1862, 86, 307; Bnegleb and Geuther, Annalen, 1802,j 
1*3,288. * ** * 

♦17* 
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To obtain iron nitride indirect methods must be adopted.* These 
may be enumerated as follows:— , ‘ 

1. Heating ferromj chloride in a current of dry ammonia,* the 
optimum terupemture for the reaction being ISO 0 C. I 2 * Ftfrrous bromide 
may be used instead of the eldorkfe. 3 f 

*2. Heating reduced irtn in a current of dry Ammonia at about 
414° wlien hydrogen is ra'pidly evolved. 4 * The heating is continued 
until the react ion 4complete and no more hydrogen is liberated. 

8. Heating cleclroVytic irrfn foil in dry’ammonia at temperatures 
ranging, from 000 ' to 1000° Ci Hancmaim * by this means succcedod 
in preparing iron nitride containing 111 per cent, of nitrogen, the 
“product thus corresponding to the formula Fc a N or Fe 4 N 2 . The most* 
favourable temperatufe appears tot>e CStT-to 700° C., in a rapid current 
of ammonia, ^ic nitride peeling rdf in thin (lakes if the metal is thick. 
Any carbon combines with the nitrogen and is removed. 6 * 

4. Healing spongy iron in dry ammonia, the optimum temperature 
being 450° to 475° 

5. Iron amalgam when heated in ammonia vapour loses its mercury 
content and is gradually converted into nitride." , 

As prepared by any of the above methods, iron nitride is a grey 
powder ot density about (1-25, 8 * and soluble in dilute hydrochloric and 
sulphuric acids, yielding ferrous and ammonium salts. Nitric acid, 
even when concentrated, only nets slowly, (laseous hydVogcn chloride, 
atU“ks it at 220° (., the reaction becoming vigorous at 350° C., 
ammonium and ferrous chlorides resulting. When heated in oxygen, 
ferric okide is produced, nitrogen (not its oxides) being set free; the 
reaction is detectable at 200” C. Hydrogen reduces it, the reaction 
beginning at 350” C. and being very rapid at 000“ C. 

lighted in vacuo or in nitrogen it hegms to decompose at 500° 
and at C0(|” t. nitrogen is rapidly evolved. This reduction takes place 
even under a pressure ot 18 atmospheres of nitrogen. For this reason 
thifro is no nitride formation when iron is heated at these temperatures 
in nitrogen." 

It lias been suggested 10 that the constitution of iron nitride is 
represented by the formula 11 



I Fromy, Voir/’l rnk/., IStll, 52 , 322; Warren, ('hem. Xeus. 1887, 55 , 155; G. J. 
Fowler, Chf.ni. .Vries UKKt, 82 , 245 ; Trt/nt. Char. .Sor., 1901, 70, 285. 

“ Girardet, Bull. ,S <c. chim., HM0, (4), 7 , 1028. 

s Fowler, Trane.'Chat i. Sue., 1901. 79 . 283. * , 

* * Stahtachinidi 4 !agg. Annual. 18«5, 1 , 75 , 37; Fowler, tor, ril., C’hem. News, 1893, 

68 , 152 ; Beilby ami Henderson, Trane. Chan. .SVy, 1901, 79 , 1245. 

* Hanemann, Jkuntr/ural JUneertatton, Techniache Ifticlisehule, Berlin, 1913. 

4 • (’harpy anil Bonnernt, Colupt. tend., 1914, 158 , 994.< See also Braune, flee. Metal- * 
lurait, 1905, 2 , 497.* Allen (Chrm. .Yru'.y 8 H 0 , 41 , 231) heated iron wire in ammonia 
ana obtained a product containing 2-5 per cent, o! nitrogen. 

’ White and Kirschhraun, J. Ahter. Chan. Soc., 1900, 28 , 1343. 

6 Fowler, toe. ril. , it * 

• Charpy and Bonnerot, loci ril. See alnuMaxted,,/. Soc. Chan. Ind., 1918, 37 , 106. 

16 Fowler and Hajtog, 7’raiiS. Chum. Soc., 1901, 79 , 299. • 

II White and Kirachbraun (lor. cil.) auggest that thie nitride may be a solid solution 

pi iron nitride in iron, namely, , . . 

, ( 1 Fe 1 N„+Fe-*Fe,N r 1 '' 
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The heat of formation of iron nitride*is ns follows : 1 

SfFeJH (N)==[1 <>jNJ j 30JO calorics. 

Two other J nitrides of iron have been prepared,’ namely, ferrous 
nitride, Fe s N 2 , and ferric nitride, FijN. 'Hie lorn cf is described as a 
black, oxidisable jAnvdcr, obtained by healing litjiium nitride with 
ferrous potassium chhifide. The ferric nitride. FcN, resulted whert 
lithium nitride was heated witli ferric potassium chloride. It, is a black 
substance, which,'on being heated in air, oxidises ta ferric oxide. These 
substances arc, presumably, ferrous ami< ferric substituted uinjnonias, 
the constitutional formula; being : - '• 


• Fe -N ' » 

j,.',/ amf.Fo N. 

• . FeMi 

respectivuly. 4 * 

Nitra-iron, Fcj(NW 2 ).—'Attempts to prepare nilTo-iion, analogous to 
nitro-niekel and nitro-colwll. ’have, been successful. It presumably 
results as an intcriycdiutc product when nitrogen peroxide diluted with 
nitrogen is passed over redimed mm. The peroxide is absorbed, but 
the resulting compound dcilagratcs even, m a greatly diluted atmosphere 
of nitrogen peroxide. Tile corresponding cobalt and nickel derivatives, 
'namely Co 2 (NV 2 ) and Ni,(N0,), respectively, are considerably more 

stable. 3 , , , < 

Several triple nitrites of iron have been prepared, namely :— 

•i • • 

Ferrous lend potassium nitrile , 

Ferrous barium potassium nitrite* FcHnK 2 (N() 2 ), ; 

Ferrous calcium potassium nitrite *•°; 

Ferroits strontium potassium nitrile 11 ; , 

• Ferrous lead thallium nitrite.'' • 

Iferrous nitrate. Tbs anhydrous salt has not been prepared. Jfic, 
hexahudrate , Fe(X() 3 ) 2 .6lI 2 0, is *ery unstable, and is. in consequence, 
somewhat, difficult to isolate. It may be obtitined in siflulum by dis¬ 
solving either ferrous sulphide or metallic iron in dilute nitric ueid, 
of density ranging from l 034 to 1 IJ5. *1* metallic lrun and acid'of 
lower density be employed, the iron dissolves without any evolution of 
4»s, and with the fomnation of ferrous'nitrate and.amnioiiniiii nitrate. 
Ea, using iron and acid \vithin the ahove-meiifloned range ot densities, 
ferrous nitrate is obtained, .together with some ferric nitrate,,the 
percentage of the latter increasing with the density of flic arid. If 
the acid density is gnatcr than Ml 5, ferric nilyate is the maift 

^ r °Ferrous nitrate maf also.be obtained it), sylution by .'grinding lead 
nitrate W'ith an equivalent*qpaiotity of fwrrous sulpAato in tlie presence 
•of dilute alcohol; doubUyiccompositioii takes place, the ferrous nitrate 
passing into solution. Upon evaporation at room temperature the salt 


080. 


> Fowler and Hartog, loc. cil. 

•(.luntz, Conipt. re»d.,41M)S\i35i 738. « 

* Sabatier and Sendsrcns, Bull. ttoc. chitn ., |£93, (3), 9> 

• PrzibyUa, Zeilsch. anorg. Ckem., 1897, 15, 119. # 

6 N o simple formula has been assigned. 

*• Pitibslla, Ztiloeh. anorg. Chent., 1898, l8, 448. 

7 Scheurer-BLestper jtd nn, Chitn, Phy $., 1869, (J), 55* 33<X 
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crystallises out as bright green rhombic prisms, which arc faintfy stable 
at, 0° C. They melt at 00-5“ C'., but Rapidly decompose when the tem¬ 
perature is raised by ,evoo :» very small amount above this point. At 
higher temperatures a residue of ferric oxide is obtainedir 1 

The solubility of ferrous’nitrat}.- in water at' various temperatures is 

given as follows : < 

• 

TnmpcTaturc, . 

GramH Fo(N T O a ), pc? X 3U-tk 

1 (JO grama .solution \ \ 41 itl .. .. 44-41 40 94 

Density h«> liiti<»»f •. . .. .. 1-48 1-50 .. • 

«• Between 9° and 24° C. the composition of tin* saturated solution, 
is given by the expression : M 

a # I<Y(N(>,) 2 I (14 • 198 - - 0 • 11242/) 1l 2 0. 


9 

4-08 


0 

41 - 51 ? 
41 <?7 


18 

45-14 


24 

°40 51 


60-5 

02-50 (Funk) 

.. (Ordway) 


A break in the M>lul,)ility curve at 12' (’. indicates the lormation 
of another hydrate, namely, the nonaht/dmfc, lv(Nd) { ). 2 .9ll 2 ()^ which, 
however, has not been isolated. IIs solubility in water is as follows :— 


Temperature, (\ . . -27 -21 -5 19 —15-5 

Grams Ke(NO a ) 2 per 100 

grams solution . . 85-00 80-10 80-50 87T7 

The heat of formation of the dissolved suit is : 

- (Vr| | (N„) ! :s(() 2 ) |-Aq. -Fc(NO.,),.A<|. | 119,0(l() calories. 

, 2llNO,.Aq. | |Fe(OU)j| l-’o(N<) a )“.Aq. -f 21,500 

Ferric nitrate, Fc(Nis conveniently obtained by dissolving iron 
in nitric acid of density* 1 ■!! until the colour of Hie solution changes 
through green to dark red. Au equal bulk of nitric acid of density 
X -4.3 ts now added, mul I be liquid allowed to cool. 1 

The salt separates out in hydrated crystals, winch arcTisually pale 
violet in colour, the ex.cut of hydration varying according to eireum- 
' stances. Two definite hydrates are known r ': namely, the nonuhydrote , 8 
1'V(NO;i).|.011, i! O, which vo ids pale red deliquescent monoelinie crystals,’ 
of the follow.ng crystallographic elements : --- 

a : b : c 1 -'2.1(5 : I : 1 <>180. 0^131° 

and the ht\r( In/ilratf.* Fc(N0 3 ),.<iIl 2 0, which crystallises in cubes 
inciting at 00-fl" (V 

. The crystals readily dissolve in water to a yellowish brown solution. 
In nitric avid they ire much less soluble, and admit of ready reerystallisa- 
tjon from this acid. The crystals of lumithydrutc milt at 10° yielding 
a dark red liquid (Ordway). 

Although ferric nitrate crystals are usually pale violet in colour, 
when perfectly pure tin- salt is thilourlcsk. Ordway mentions having 
obtained colourless crystals, and this is confirmed by the more recent 
*’ s 

1 Ditto, ('ompt. ran!., 1879, 89 , 641. , 

t> * Funk, Her ., 1899, 32 ,96; Ordway, VI liter. J. Sci., 1 885, 40 , 325. 

8 With more dilute acid ferroiur nitrate is apt to l>o formed. See p. 175. 

4 Ordway, Atncr. ,/. Nr< . 1850, 9 , 30. 

4 Ditto (lor. rit.) has deserved a third—ninncly, th , 0 trihydrate, Fe(NO # )^.3H,0. 

4 Ordway, J. prakt. (7m*w.,‘1851, 53 . 64. 

7 SurgunldT, Hull. Acad. Sri. Hetrograd, 1913, p. 407. 

4 H&usm&nn, Vlnmden, 1854, 89 , 109; Wildenatoin, J. prakt. C.henu, lg01. 84 , 243. 

' • Funk, Btr., 1899, 32 ,fO. 
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work of> Uambert ^nd tliomson, 1 whq»took elaborate precaution!) to 
prepares very pure salt. A pure specimen of ferric chloride, free from 
arsenic, sulphate,lalkali, or alkaline earth metals, was dissolved in con¬ 
ductivity watf r and electrolysed between iridium electrodes. The 
deposit of iron on the cathode was dissolved in pure diluted nitric acid, 
and the solution concentrated on the water-h/th. Tpe salt was crystal¬ 
lised from solution it* Concentrated nitrh’ acid, separated from th# 
mother liquor, and recrvstnlliJod several times liom.the concentrated 
acid. The crystals so Obtained were colourless/ofr white when seen 
ii^ bulk. ’ • " * 1 

Ferric nit rata- ill aqueous solution it tfcdmVd by nu taHic stiver to 
Jhe ferrous condition, equilibrium l>ciiip ultimately attained according 
to the equation , « • • 

A« l-Fe(N0 3 ) 3 - | K<-(N(),). r - v • 

In dilute sortition ferric nitrate is hydro^vsed; yielding colloidal 
ferric hydroxide andj/cc nitrt'ie acid. Sqeii soluti<ai yuves no coloration 
with potassium fcrrocyamdc. »ln less dilute solutions, to which potas¬ 
sium ferroevanide has already been added, the blue colour jjradunlly 
intensities owinj; tif the continued yc-fornmtion ol lerric nitrate, as the 
equilibrium represented by the equation 

/e(01I), i 311X0.# Fc(NOj)., ! SILO , 

*isdisturbed, ovwiTif,' to rcinov al of ferric nil rat e as insoluble l’russiap blue. 9 

Aqueous solutions of ferric nitrate ci^ntainmc less than 0*1 permit, 
are quite colourless. 

The heal of formation of ferric nitrate is o|\cn bv TtertlRiot as 
follow’s : — 


iifKe] 4 3(N 2 ) ■ !»(().,) ; Aq. 2Fc(\0 J ). 1 .Aq. I 31 1.300 calories. 

Numerous basic ferric nitrates have hem desdibed. They are 
i uncrystallisafile substances, and contain varmiy amounts tti water. 
Ilauynann, 1 by boiling solutions ot leriic nitrate, oblamed the tollowi'ic 
supposed compounds: KFc 2 0 r 2N 2 0 v 3lI 2 0, 3<>I'c.,0 1 .N\0 5 . ttill 2 0, and 
8Fc 2 0 3 .N 2 0 5 .12lI 2 0. ' * , 

Schcurer-Kestner 3 identified 2lV 2 0 l .Nj0- ( .Il 2 0, 2l’e 2 O£Sk 2 O v 2l! 2 0, 
and 4Fc 2 0,,.N 2 0 ri .3ll 2 (). Cameron ;md *Itobinson. 11 however, ha/c 
proved.that no definite basic nitrates of iron an h.nnul from solu* 
R#n nt 25° ( ., the s*>lid pluise underpin si conditions consisting of a 
s%lid solution of lerric oxide, nitric acid, and w^ter. It seems unlikely, 
therefore, that the substances#described to* llansmann and #icheurcr- 
Kestner arc definili' 4 'onipouiids, .. 

An acid nitprte, l'V 2 (> 3 .t \ 2 ( ) *1 si Mt or ‘jI , e(N() 1 )-.2lINO.,.17H l O; 
appears also to have been pjcpnrid,' although later at I digits to obtain 
the salt proved abortive. . . . '•* ' . 

With cscsiuin nitrate 4hc double salt. CsNO-1'e,N•),),.7N 2 0, 4il 
formed 8 as pale yellow deliquescent crystals, rieltinp' at 3.5 to 80 C. ^ 

1 Lambert anti Thornton, Tran*. ( A*‘rn Sor , 1910, 97* 

* Noyes and Brann, •/. Amer. ('hew. Sor., 1912, 34, 1010. 

3 imt-ony and (tit'll, ttazzcUf 1, 1890, 26, i. 29.1. 

1 Hausmann, Annalen, lw>4, 89 1051. 

• s Sgheurer-Kestner, A^n. ('him. Phy»., 1859, (ft), 55, 3.10. 

* Cameron and Robinson, J. Phymcnl ('hem., 1909, 53* 

7 Cameron and Robinson, loc. c.it. 

tA W ells anfl cc^laborat^js, inter. Chcm. J., 1901, ^6, 275. , 

vol. rx.'m, , ‘ ■ 12 • 
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• . 

NITROSO SALTS. 

Ferrous salts readily combine in solution with nitric oxide to form 
nitroso derivatives, irt wliicfi one molecule of nitric oxi^c is combined 
for each atom of ferrous iron. These substances,‘several of which are 
described in connection with theft respective negative radicles (see pp. 
pa, 95, 105, 15.7. lfll), rcailily dissociate in solution in accordance with 
the reversible reaction : , « 

' i v Fo(Ptf))"- Fe" | NO. 

By loweringitkc temperature, by raising the pressure, or by increasing 
the eoilecntrution of the'free tdid, the equilibrium is shifted from right 
to left, the amount of the nitroso ipdt being proportionately increased, 
bulk never in excess of the above-mentioned ratio. 1 When the increase 
is due to,addition of acids, the colour of the solution changes, and the 
absorption band in the yellow region of the spectrum disappears. This 
is indicative of a change of constitution, complex anions being formed 
which are more stable than tie- nitroso yations. *•* 1 

Ferro-heptunitrusn Sulphides, MFe,(N’0) ; S 3 . 

Nitroso derivatives of a'more coiupl'X and more stable character 
than the foregoing were discovered bv Koussin in 1858.'- This investi¬ 
gator observed that a black voluminous'precipitate isj obtained when 
a mixture of ammonium sulphide and alkali mtrite'is added to an* 
aqpcoifs solution of ferrous sulphate. On boiling, the precipitate passes 
into solution. The liquid is filtered, and, upon cooling, black crystals 
separate out, the composition of which has been the subject ot 
considerable discussion. The reaction does not proceed in perfectly 
neutral solution, a green liquor only being produced, consisting of 
sulphides of iron and sodium, entirely free from any nitroso derivative. 
The presence of* a small quantity of acid, however, results in the 
formatkrti of the nitroso derivative, probably because it liberates nitrous 
aa>d, which acts direct upon the ferrous salt. ■ . 

ltoussin, as the result of his analyses, attributed to the nitroso 
derivative a formula which, translated into modern cqui\alcnts, becomes 
H,Fe 3 (NO)jrt' 5 . 

• Other later, investigators*have obtained similar substances either by 
an exact, repetition of Koussin’s method or by adopting slight,modifi¬ 
cations of the saiiuj The varioVis formula' suggoited by them for hhfe 
nitroso derivative are given in the accompanying table : *' 


II % t 0 

r Formula. 

, ' Authority. 

Fc s (NO) 4 S 3 .'2K a O . • s 

Porezinskv, Ainialen, 1803, 125, 302. 


Dcmel. Her., 187!), 12, tOl, 1948. 

K,Fe 7 (N()), 2 S 3 .‘2lI.,0 • . 

l’avel. ibid., p. 11()7, 1949. 

,Fe.(NO) l0 S r ,.411*0 . . 

2[Fe,(NP) 4 S 1 N0,]3H,0 . 

Uownberg, ibiif., p. 1715. 

Marie and Marquis, Compt. rend., 1898, 

122, ,137, 

* 

f ... 


1 S4e KithlachilUer and Sazaneff, iter., 1911, 44 , 14211; Gay, Ann. Ckim. Pkyi., 1885, 
, ( 8 ), 5 , 145; Peligot, ibid., 1833, (2), 54 , 17. - ■» , 

1 Roussint Com jit. rend?, 1858, 46 , 224 ; Ann. CAiltL Pkys.\ 1858, (5), 52 , 285. 

• ' * * I 
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in issi, however, I^avel reconsidered his formula, and suggested 
. • MFe^NO) 7 S„ 

where M represents ammonium or one of flu-"alkali metals. 1 This 
formula has since. Ifeei^ accepted t>\* the majorin of workers in this 
field.* , ' 

Cryoscopic niflfeur^raeiits of the sodium*and pAussium salts giv<^ 
values for the molecular weiglfljs equal to half those corresponding to 
the simple formula .MF<^(NO) ; S.„ and tl’ys indi(ait» Flint the salts are 
completely dissociated into the ions M' .^n 1 1 fV^At); also electric 
conductivity mwasitrunents show tlmt.tjic sails arc derij'ed from a 
monobasic acid, and that they have the simple molecular formula : - H 
[MFe 4 (Ny) 7 S 3 J„, *vl*erc »• =1. • • 

The ferro-heptanitroso sulphide's const itute a well-del^nf scries of 
crystalline salts. • In so far as the salts of the alkali metals are eoneerned, 
the order*of their solubilitiesm water is as follows*: 

Potassium, sodium, amtnonipm, rubidium, and nesium. 

The potassium ^ait is the most soluble, whilst the eusium salt is 
quite insoluble in water, llflth Hie rubidium and the nesium salts 
may be prepared by double decomposition of dilute solutions of their 
^chlorides with the mtroso salts of*sodmm or potassium* The thallium 
suit may be prepared in a similar manner by means of thallium sqjphatc. 
Ihe nitroso salts ot the alkaline carth # im tals ealeium, bariunn^ami 
magnesium—are very soluble in water. 

Potassium ferro-heptanitroso sulphide, KFe t (\()) 7 S,.II*().—To pre-" 
pare this salt, Pavel 1 raised a solution of potassium ml rib to boiling, 
added sodium sulphide, and, finally, with repeated shaking, a solution 
of ferrous sulphate m small quantities at a lime. Upon crystallisation 
the nitroso c(ymative separated out m monoclinic eiysbils wjiieh were 
* purified by reerystalhsatnm from warm water ippi caibon disuTphide in 
succubsion, and finally dined over phosphorus pento.vde. f 

Tiie same compound results*when a dilute solution of potassium 
sulphide or sulphydrate is added to one of ferrous sulph^U^containing 
nitric oxide. ** 

When a solution of potassiun* lerty-dinitroso • 1 hio.sulphafe, 
KFe(N4)) 2 S.>0 3 .II,>0, is boiled, sulphui^ dioxide is expell^J, and ferric* 
I^fdrotkide preeipitatifl. JjpcTti eoueent rating the chmr solution obtained 
by filtering, crystals of potassium ferro-ju-Stanitroso ailphide ate 
obtained. 6 • • • • 

When acted upon with dibit ^ sulphuric and, the pofassium salt 
yields the free a^ifl, hydrogen ferro-heptanitroso sulphiil£,l]Fe 4 (}sO) 7 S a * 
as an insoluble, amorphous precipitate. It is very unstable. When 
boiled with dilute* potassium hydroxide solu4io«, the p#tAJkium hepta- * 
nitroso derivative yields pofassiufn ferro-dinitroso suTphftl^ KFe(N0h8. 
5H 2 0 (seep. 181). W * 

1 Pavel, Her., 1882, 15 , 2000. • " # 

2 See Rosenberg, Arkiv Kent. Min. (Jeoi, 1011, 4 , (3),*1 ; Cam In, Atti H. Atcad. Lincei, 
1908, (5), 17 , i. 2j)2 ; 1907, (5), 16 , 11 . fi/pl ; Uellueci ami Ohan1908, ( 6 ), 17 , i. 424 j 
1907, (5), x 6 , 11 . 740 ; Uellucci and ^t*nditnri*t 6 k/., 1905, (5u 14 , 1 . 28, 98 ; Hofmann and 
Wiede, Ztibch. iMorg. Chem., 1895, 9 , 290 ; MarehlewHki a»<l%ach*, xbid., 1892, 2 , 175. 

3 Bellucci and Carnevali, AUi R. Accad. Lincei, 1907, (5), 16 , it 584. • i • 

• Pavel, Ber., 1879, 12 , 1407. 

* Hofmadn and Wiede, J tiisch. gkorg. Chcm., 1895, 9 , 295. * 
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Sodium ferro-heptanitroso^sulphide, NaFe‘ 4 (NO),S a .2lI 2 ©, <nay be 

obtained in a similar manner to the potassium gait by boiling a solution 
of sodium I'erro-dinitroso, t lyosulpliatf, ns also by thi aetion of sodium 
nitrite and sulphide'solutions upon ferrous ^sulphate. ',In this latter 
react ion the so<iium sulphide maybe replaced by sodium thioearbonate, 
Na./’S.,. ( . * 

» The constitution 1 of this*salt has been represented a? follows :— 

* SNa ’ » 

* I 

(«0).Fe.(NO) 

' 

(NO) J l'V:.K,Kc.S.Fe(NO) a 


‘ jio. 


Upon crystallisation the salt is obtained as monoohnic lteedles. It 
is more readily soluble tn water than the potassium salt. It*bcgins to 
decompose at so evolving Vitrie exilic. Ueat'ed with eonci’nt rated 
sulphuric acid, the salt decomposes:evolving nitric oxide, nitrogen, and 
hydrogen sulphide ; sulphur is precipitated out, ami, upon evaporating 
the filtered solution, ferric sulphate anti sodium and ammonium sulphates 
are left. On the other hand, when treated with iee-eold concentrated , 
sulphuric aeid,,a portion only of the "sodium heptanitivso derivative is > 
decomposed, and the liberated iron atoms replace those of sodium in 
thoeJxmaimug unallaeked portion, yielding ferrous ferro-heptanitroso 
,pulpmd.e, h'e|Ke,(N()) ; S,| a . This suit may also be obtained by double 
decompos'didn of the sodium salt with ferrous sulphate. The resulting 
precipitate is washed, rccryslalliscd from ether, and finally from water. 

It begins to decompose at o.V 

Ammonium ferro-heptanitroso sulphide, NlV 4 Fe,,(N0) ; S :l .Il 2 0, is 
readily obtained by double decomposition of the sodium salt with 
ammonium carbonate. , The precipitated salt is washed and rcerystallised ' 
ftym warm water rendered faintly alkaline with ammonia. It mr.y be 
prepared by passing nitric oxide for some ten hours into freshly precipi¬ 
tated ferrous‘sulphide suspended in water, without previous addition 
of ammonia.' The salt is extracted from the excess of ferrous sulphide 
with warm alcohol, and ryVrystidliscd from water. 2 

It also results when nitric pxide is passed through a mi.vture of 
ferrous hydroxide euid carbon disulphide lyiturfitcd with ammonia. 
'Vh e ferrous hydroxide isVibfained by precipitation from ferrous sulphate, 
and the passage .of nitric oxide is maintained for some eight hours. 
The amiuoihum salt is extracted fnim.the mixture with hot alcohol. 
The same salt ivl’ormcd even without the addition of ammonia, by the 
action of ndric oxide on ferrous hydroxide suspended in carbon 
1 disulphide. 2 ’ 4 o “ * 

« The crystals are monoelinie prism*, less' soluble than those of the 
sodium salt, but, like the latter, they begin to decompose at 80° C. 

By warming the solutions of..this salt with the hydroxides of the 
alkuline earth metals until ammonia ceases to escape, the corresponding 
salts of calcium, barium, and magnesium have'been obtained. These, 
however, are less stable than the at imonii’m salt. 

0 Rosenberg, Arl'ir Kem. Min. Oeol., 1911, 4 , (3), 1. 

’Hofmann amt Wiede, ZtiOcs. arn/ry. IS9£. 9,296. 1 , 
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Tetribnethyl ammonium ferro-heptanitroso sulphide, N(CII a ) 4 . 
Fe 4 (NO),S„, yields triclillic crystqls :— 1 

a : b : t^O-8648 : J : 1 -3125. a =87° 2!)-5* 

■■ y=»98° 44'. Density/"2 05(,. • 

The tetra ethyl'salt, is likewise trielinio* pnssc*iinn (lie following 
crystal loprnphiV elemelds : 2 , 


a : b : o* -1 <)2’/l :-l : 1 0217. a. Hr," S', fi 97“ 8*. 

, * ^--99° 17-5'. 1>( nsjjv. 1-KS3. • , 

- * • •, • , * 

lleptanitroso fcrro-sulpliides of the following metals have also been 

'obtained 2 1 • 

Caesium? t'sFe,(5i()) ; S. r IFO. 

Rubidium, RhFc,(Xoj ; S,.!!.,<). and i 
> * * Thallium, T!l-V,(\<)) 7 S,.lIJ). 

Of these the llrsf'named readily tihtiimcd Tiy adding a solution 

of cicsium chloride lo one of sodium heptanilmso ferro-sulphide, when 


the caesium derivative is precipitated as an insoluble black crystalline 
powder. The rubidium derivative, obtained m an analogous manner, 
presents a similar appearancy. The thnllium salt is likewise dillieiiltly 
soluble in water, and is obtained bV double deeoniposila 4 n with thallium 
sulphate and bite potassium derivative. 

The hydrazine, XJIj.FiqfXObS,. and the hydroxy Iaprinc, 
NII.,OH.Fe,(XO),S.„ derivatives have been prepared.' 1 


Ferro-diuitro.m Sulphide*. MFc(XO).,S. 

On boilinn potassium ferro-heptamlroso siilphidi with .dilute 
potassium hydroxide, ferric hydroxide is deposit! d. and. upon eonfentra- 
, tion of the liftered liquid, dark red crystals of potassium ferrO»dinitroso 
sulphide 4 are obtained^ to which the formitla KFi (X()),S.2li a 0_is 
ascribed. The reaction may be represented as I'olloVs : 

2KFc 4 (NO);Sj 1-UvOII--oi\Fc(XO)jS-i l*e,,0., i X/^2H/>. 

The reverse transformation is effected J>y treat mint with carbon 
dioxide, dilute acids, or ferrous chloride/’ • 

* The sodium salt, NaFy(XO),S. hll.,0, may he pit pa red in an 
analogous manner. It was the lirst salt ot t4ps sfrics to be obtained, 
and Roussin," its discoverer, gave to it a fownula which, translated irfto 
modern equivalents, becomes :}Xa a S.F( r S.,(X()) 2 . • , * • 

The ammoniqm* sal’ cannot be obtidned by hoilmj; tin- anmibiiiimi 
hepta derivative with ammonium hydroxide, nor he the action of 
ammonia upon the free acid. It risuits, however, wl^cj.tln fire acid, 
is treated with ammonium.sulpljide. *It is vcr> , uiis*ul>l)\ Tin' ciesiiqn, 
,iron, and thallium salts have been prepared. The last -tunned is quite 
- insoluble in water and iif alcohol. , •• 

The free acid is obtained by deciMiposing the sodium or polassiifm 

• • 

1 Zawbonini, ZeiUch. Kry*± M ; n., 1910, 47 . 020. « 

* Pavel, Her., 1879, 12 , ,1407. | • 

* B<flucci and Ceechetti, AUi R. Acrati. Luwri, IVOO, (»), jk, ij, 407. 

* Pavel,* Bcr ., 1882, 15, MH ). X • 

* See Rosenberg, Arkiv Kem. l/»n. Qeol., 1911, 4 , (3). 1. 

* Rouaain, Compt. rend^*lS5S, 46 , 224, 
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* • | 

salt with dilute mineral acid. «it is a yellowish brown amorphous sub¬ 
stance, insoluble in water, more soluble in alefthol, apd readily soluble 
in carbon disulphide., It*slosvly decomposes on standing; 

Ferrn'dinitroso ’Thiosulphates, MF«(n6) 2 S 2 0 3 . 

Potassium ferro-dinitrflso thiosulphate, 1 KI-j d N6 ) 2 S 2 0 ;l .H 2 0, results 
Mien nitric oxide is passed into a concentrated mixed solution of ferrous 
sulphate Mid potifiedum thiosirtphate af, room temperature. The solu¬ 
tion becomes deepbrftwn in holour, and reddish byown crystals of the 
potassium salt ifr l obtaiijed ofi .concentration. TJiusa[t is but slightly 
soluble in cold water, and is insoluble in water-free alcohol and in ether. 
Concentrated sulphuric acid dissolves it without decomposition, yielding* 
a greenish yellow solution. ,* * 

AlkaliA partly decompose the salt in the warm, whilst ammonia 
effects its complete decomposition. * 

The sodium salt* 1 jJaFc(NO) 2 S 2 0.,.2Jl 2 f), is obtained in ‘a^siniilar 
manner to the preceding salt. It, yields either laminated or needle- 
shaped crystals, which are glistening black in appearance. They are 
appreciably more soluble in .water than those of the potassium salt, 
and yield a deep brown solution. The sa'll is fairly stable below 0° C., 
but above that temperature continuously .evolves nitric oxide. When 
its aqueous sululion is boiled, sulphur dioxide, is*, expelled and. 
ferric hydroxide precipitated. Upon concentrating the*clear solution 
obtained by filtering, crystals «if sodium ferro-hoptanitroso sulphide, 
*NftFc,fStIO)-S.,.lI 3 0, separate out.* 

Thc‘ammonlum salt, 1 (NlI 4 )Fe(N0) 2 S ? 0 :l .H 2 0, may be prepared 
in an analogous manner. It, may be rccrystallised from warm water, 
when it yields flat, prisms, black in colour. 

Tld- rubidium .and caesium salts ® have also bcdli prepared, namely 
IlbFe(N()bS,() f lid) and l'sFe(N()) 2 S 2 () a . Thallium, apparently, does 
not yield an analogous ar.lt under like conditions. 

Nitroso pcvtaci/anoferratcS, M 2 [Fe(CN) 5 NO]. 

For a di.flt.ssion of these salts see Chapter IX. 

. IRON AND. PHOSPHORUS. 

, • » ■ 
Iron Phosphides.— IrOi unites with phosphorus in several proportions: 
Nine supposed phosphides' have been described, and four of them 
certainly exist :1 ; these are. Ke.,P, Fc 2 P..FcP, and IjY 2 P 3 . 

• Trlfekro phosphide, Fe.,1’. occurs a.4 crystals embedded in a eutectic 
mixture of thid phosphide and fron when .phosphorus' and iron eon- 
. taining moredlhan 84-4 jy'r/ ent. of iron are fused together. Its density 
is fl 74, and melting-point 1110 . It dissolves in concentrated aqueous 
hydrogeii ehlof ide, cvolvjjig pure hydrogen. 'J'hus:— 3 11 

Fe’,P | 0IIC1 1 UI 2 0-. 3FeCl 2 FH 8 P0 4 +11H. 

Triferro phosphide has been found ill a cavity of pig jiron from a 
blast furnace near Middlesbrough, irytlic forpi of small tin-white needles, 

. 1 S.. A. ffotmann and VViode, Zeilsch. anorg. Chem., 1895, 8 , 818. 

* Hofmann and Wledr, ibid., 1895, 9 , 295. , , 

* La Chatelior and Wologdine, Cempf. roid.,*1909, 149 , 71)9. 1 
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strongly ifcagnetic^nd l&strous. *The crystals belong to the sphenoidal- 
hcnaihedral class of the tetragonal system, 1 with the ratio 

a-.c~ 1 : 0-3I0C. . . 

■ • 

Save for the M)s<y)<*c of nickel the (yvstalij are iilcntiml with rlmbdlte 
(see p. 26). * • 

Diferro phosphloej ti,l’, may lie obtiimul by banting finely divided 
iron with copper phosphide ii* an electric furnace.' 2 On dissolving tlfb 
residue in nitric, acid orystnlliric nccdl(*> remain, yf’dcnsity 0 -56, and 
melting at 1260° C, Diferro phos|ihide fnay alsb be obtained by fusing 
ifon and phosphoju^ together and su[>Scc|urutly scfiitniting t^e .more 
magnetic impurities. It is insoluble tn acids, except * aqua regia., 
‘Fluorine attacks it at red heat. ‘Wln'ii heated in air it oxidises to a 
basic ferric phosphate. * *, * " 

Iron monophosphide, F< 1*. results when vaporised ,plf>sphorus is 
passed over diffrro phospliidc at red heat, uidil no further increase in 
weight,occurs/ 1 It kis ulsft been prepared b\ baiting phosphorus and 
iron together at red neat,* aiubalso l>\ t Tu- act ion of hydrogen phosphide 
upon ferric chloride/* ferrous sulphate,*' oi ierrous chloride 7 at red heat. 

Heated in nil* it loses pail of its jihosphoriis. ferric phosphate 
remaining. 

Iron sesqui-phosphlde, I'VJ’j. may be prepared by heating ferric 
■ chloride to dtfl redness in phosphorus vapour,* or by the action of 
phosphorus iodide upon reduced iron. 0 II crystallises m brilliant, grey 
needles, is not magnetic, and is insohdile in hydioehlorie and iu*ftitric 
acid, as also in aqua re^ia. It loses phosphorus when h.atcd^fi air aJ. 
bright red heat, and is slowly attacked by chlorine at < hi If red Fleat. 


In addition to the foregoing. several olhci phosphides have been 
described, but the*evidt*nec in fax our ol those hem" separate ejieniieal 
entities is pot so convincing." 1 Hose beli<\cd tlutt he had jflcpared 
triferro tetraphosphjfle, Fe.,1*,. b\ the aelioi^of hydroirrn •phosphide 
up«n pyrites : • # “ 

iVU, \ JiKeS, b\J\ | (JH,S. 

The product is bluish grey in appearance, permam^^in air, but, 
when heated to a hijjh temperature, it oxidises to phospnorus pentoxide 
and an iron phosphate, the form, r J>ein<j fcvolved as 4umes. Deifsity 
% 5*04.* It is not magnetie. 11 • • 

• By reduction of iron phosphate in hydrogen. #r by passing vapours 
of phosphorus trichloride, tribromide, or^tn-iodah* ouj reduced y*on 
at red heat, Grander obtained 12 "rev prismatic ciy*tals of •.imposition 

I Spencer, Min.* May . lid 6 , 17 , 340? * . .. * .. • 

* Maronneau.V’o/?? pi. rend., 1900, j 30 . 0 . r > 0 », Di rhateln-r anil *«h.gdme, hr. at. 

3 Le Chatelier and WologdiiPe, loe. at. • 

4 Schrotter, SUiitv/jdnr. K. Afoul. Witt. 41 ten. 1840,02, ,}0b < 

6 Freeze and Hose, Poqq. Afntalntf I S32, 24 , 301. 

' • Struve, Bull. A aid. Sa.Petrograd, lKflO I, 433. 

7 Dennis and B. S. Gushmaft, J. Amer Chau. Sim- , lffl>4. 10 , ** 

8 Granger, Compt. rend., 18<#», 122 , 038 :•#«// Sor. rh\m., 1890*<3), 15 , 4080 ; < jpm. 

New, 1808, 77 . 227. • . 

• Le Chatelier and YVologdiw, l>*r . at. 

f For further details of th.- iron-tyvwphnrtiH alloys see tlfls volnine, 1 art TII. 

II R(Jhe, fogg. Anruilen , 1820*6, 212 ; %'Veze and K«*e, tbtd., 1832, 24 , 301 ; Freeze, 

***** Granger,' *Compt. rend., 181X5, 123 , 170; Bull. Sor. r.him., 1890, (3), I* 10^0 ; Ckem. 
Naps, 1888 ,* 77 , 227* • 4 
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' * • 

Fe 4 P a . Fe 5 P a has also been described 1 as forming .glistening heedles, 
almost insoluble in concentrated nitric And in dilute sulphuric acid, 
but readily soluble in aqtja rfgia. 

Ferrous hypophosphite, Fc(II„P0 2 ) 2 , results op dissolving iron in 
hypophosphorous acid, air being Carefully excluded'.* The metal dis¬ 
solves with evolution of hydrogen gas, and the salt passes into solution. 
I,t is also obtameif bv double decomposition *of solutions of ferrous 
sulphate and the Jmrmii) salt.i Ferrous*hypoyhosphite crystallises in 
green oclaficdra, ulfcolj readily oxidise on exposure to ftir. 

Ferric hyponhpsphite, Fcyi 2 rO i ) ;1 , is obtained 4 as an insoluble 
white jliwdvr on dissolving frfshly precipitated' ferrib hydroxide in 
dilute by pophosphoroiis acid in the epld, and allowing to evaporate. It 
deciynposcs on warming, yielding u mixture of ferrous and ferric hypo- 
phosphite^; on warming with aeidk an evolution of hydrogen phosphide 
takes place. • • • 

Ferrous phosphite, FcIIl'O.,, is prcparvl 5 as a white powder on 
saturating phosphorifs trichloride with ammonia*'and mixing 'with a 
solution of ferrous sulphate. The precipitate is washed with hot water 
and dried in a vacuum over sulphuric acid. When h eg ted it decomposes 
with incandescence, < voicing Hydrogen gas*. 

Ferric phosphite, Fc^lH’O.,)*. has been obtained only in solution 8 
by dissolving freshly precipitated ferriv hydroxide in phosphorous acid. 
On dilution with water a basic phosphite is obtained of'probable com- 
position*l'V 2 (lIl , () ; ,) :l '2Fe(()H) a . 

A^Vasic ferric phosphite, Fe,(lll > 0.,) l ..Fe(0II) 3 ..511 2 0, has been 
describe'. 7 . 

Ferrous orthophosphate occurs in nature in the oetaliydrated form 
as vivianitr (see p. 'J(i), 1*0 ,) a .Hl I 2 (), in monoelinic crystals. 8 

When perfectly pure the crystals are colourless. 0 tvit most specimens 
are tinged with a'greenish blue in consequence of slight .oxidation. 10 
They melt"IU lil t 0 C." 

„The salt may he olitaimd by heating diferrous orthophosphate 
with water to 250“ 14 : by heating in u sealed tube mixed solutions of 

sodium phosphate and ferrous sulphate 1:1 in an atmosphere of carbon 
dioxide ; or"r,y electrolysis of sodium phosphate solution, using an 
iron anode. 14 , « * , 

A powder containing at least 90 per cent, of the oetaliydrated 
ferrous phosphate is ( obtained by mixing solutions of sodium acetate 
(2 ■parts), sodium plmsphrfte (10 parts), and ferrous sulphate (8 parts), 1 
ana allowing to stand in the hhsenee of nirdbr several days. The preci- 
pitatf: is collected on a calico lilter and dried at 40°.C. 16 If the liquid 

r v v ' tr 

I Kulm, Chnnt Zcit., 1910, 34 , 45. L m ' 

a Rose, Poi'y. Annalen, 1828, 12 , 292. 

8 Wxxht, ZthiT. Chun. Phy*.\ 1840. (3). 16 , 190/ 4 fcose, toe . cit. 

, 5 Rtwt), Pogq.tAmidlcn, 1827, 9 , 35. '• 1 

* Gratziier, ( vtrr.A. Pharn^, 1897,235,093. r 

*■„ * 7 Berger, Conipt, rend., 1904, 138 , 1500. 

t 8 Rahnmelalx^rg, Pogg. Annalen , lWf, 64 , 251, 40*. 

• Colourless crystals have lwy*n found at lXdaware in Pennsylvania. 

10 Device, Compt. rend., 1804, 59 , 40. 1 

II Cusack, I'roc. RoyMrtfh Acad., 1897 v (3), 4 , 39}). 

** Dcbray, Ann, Chim. Plys., 1801. <3)f6i, 437. 

13 Hore'ord. Sttzungsber. K. A lead. H i.m. li’iVn, 1873, 67 , 406. 

14 Becquerel, Ann. Chim. Phys., 1833, (2), 54 , 149. 

E. J. Evans, Phi »mj. J. t 1897, (4), 4 , 141. 
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and precipitate aromaintained together at a temperature of 60° to 80° C. 
for a week, small ^crystals develop. 

The salt is_insoluble in water; it readily«oxi<lises in air, becoming 
bluish in colour. , , 

The hexahydrdft , Ff 3 (P0 4 ),.6H,CJ has been prepared bv tlic pro¬ 
longed heating at 88° C. of finely powdered ferrou^ carbonate held in 
suspension in an aquemfs solution of ammfiiiium phosphate'. The same 
substance results if a solution* <*f ferrous carbonate in carbonic acid is 
heated with ayurloniuni phosphate. 1 Gaatier suggAts that the mineral 
vivianite has origina'ted in a similar manner to this, but that the jeaftion 
has proceeded ffir a*lohger time and at aliwvcr temperature, svhiefi would 
•explain the higher water content o(i the mineral. 

Ferrous hydrogen orthophosphate^, 1 m lll’O^HjO. has been obtained « 
by dissolving iron in boiling phosphoric acid solution. The salt crystal¬ 
lises out in*colourlcss needles which become bluish in air ; “it is insoluble 
in water,‘but readily dissolves in dilute acids iftul in Ammonia. When 
heatedMith water t(J^5<)° C.. ij is converted into vivianite . 4 

On adding ammonium phosphate solution to ferrous chloride in 
alcohol saturated ^ith nitric oxide at <> u a viscid oily liquid is preci¬ 
pitated, which crystallises when placed m a freezing mixture. Upon 
careful purification at low temporal lu es, brown llaky crystals arc 
^obtained, which melt at l(i° ('., ;fnd have the composition represented 
by the fornn4a FeIIl > 0 1 .N0. a Upon exposure to air it pxidises 
slowly, yielding white ferric phosphate., _ 

Ferrous dihydrogen orthophosphate, Fc(II,,P0 3 ) 2 .2|I 3 (). is i^ffainctl 
by dissolving iron in excess of phosphoric acid solution*in uVurrent 
of hydrogen gas. Excess of acid is removed by washing with ether, 
and the substance dried in hydrogen . 4 Obtained in this way the 
salt is a white, ciystaliinc powd< r. which readily oxidises ju air, 
yielding a fg-rie salt. It is insoluble in alcohol, but. readily dissolves • 
in water. _ * 

Berric orthophosphate.—The dihydrate, Fel’y t . 2 ll 2 (), occurs “in 
nature as strengite (see p. 27), mid may lie obtained in the laboratory 
in crystalline form by heating a concentrated solution of ferric chloride * 
with phosphoric acid in a sealed tube at 180° to IttO'TT for several 
hours, when it separates out as small josc-cijoiired monoclinic crystflls, 
of denaity 2-74 at 15° The crystals jlosely resemble thiyse of strengite, 

Tflt the latter are fhonybiet They are insoluhh*in nitric acid, but 
dissolve in hydrochloric acid . 5 s t , 

The amorphous dihydrate Results as a yellowish-ujiile proiipitaj,p on 
mixing solutions of.sodiiun phosphate and ferric chloride Ur sulphate." 

It may also b(» (firmed by dissolving,iron in excess oj phosjihorie aeitl 
and exposing to the air -1 by saturating a 48 per ecqt. solution of 
.phosphoric acid *on the water-bath* with iro* powdsr*; by *boiling“ 
solutions of ferric metaphflsphirtc, ferricdihydrogcit ortliophospliate,*or 
’of acid ferric phosphate * or by evaporating » mixed solution of ferrip 
chloride (4 molecules) and disodium,bydrogcn phosphite (1 moleeu^) 

1 Gautier, Comjtl. rend., 1803, 116 , 1401 
t * Debray, Ann. Chit}. Phyn. , 1801, (3), 6i, 437. 

3 Manchot. her., jOU. 47 . J <101. « 

• 4 Erlenmeyer, AnnaJen, 1^8, 194 , 170. *'• 

6 • da Sellulten, Comj/t. rend., 1885, 100 , 1522. 

4 Heydenreioh, Chem. New, 1801, 4 , 158 

7 Eriennwyer, A&uilen, 1878, 194 , 176. 
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with an excess of nitric acid. Jls the liquid befcomeg syrupy* a«copious 
separation of the phosphate occurs. 1 • , 

For the preparation o/ t(je pure srflt, Caven 2 reccftnracnds addition 
of ferric chloride solution to one of orthophosphorie ajpid—made by 
boiling glacial mefcaphosphdrie acH with watej until it ceases to give 
any precipitate witji barium ehlortde—in such proportions that rather 
more than twice as much avid, calculated as d^PO,. ig present as is 
required to precipitat e the iron. The pt&upitate thus obtained appears, 
when suspended in »wi*tor, perfectly white ; <wl 1 en strained on calico, it 
possesses a slightly bluish tiitf . Since hot water hydrolyses the salj, 
the \VasTiing«shnuld be emiducf <*d in the cold. • * 

The resulting salt, whilst readily soluble in dilute mineral acids, is, 
insoluble in cold acetic acid, plto^ihorie qcid, and sodium phosphate. 
It is sligl^ly soluble in citric and tartaric acid solutions, and readily 
dissolves in iVutral aqueous ammonium citrate, yielding a green solu¬ 
tion with a brownish tint . 2 The salt is insoluble in water, but hot 
water hydrolyses it, tmd boiling with excess of iftrcmonia solution con¬ 
verts it into a mixture of ferric hydroxide 4 and ferric phosphate, or 
if the ammonia is present in great exogss the ferric phosphate may be 
entirely decomposed. Thus:'- . . r 

FePO, | .'iNII.OllV ~ I'Y(()l ly, [ (NH 4 ) 3 P 0 4 . 

The reaction is reversible, and on boiling a suspension of freshly 
pretlp^taled ferric hydroxide in an aqueous solution of ammonium 
phosphate, ammonia is liberated and ferric phosphate remains . 5 In 
consequence of this reversibility, and owing to the volatility of ammonia 
and the active muss of the ammonium phosphate produced, it is not 
easy to carry the lirst-uamed reaction to completion, namely, in the 
direct ion of from left to right in the foregoing equation. 

These,tacts l-ave an important hearing on the separation and estima¬ 
tion of iron by means oil ferric phosphate. 

•The Irihi/drate, 1<’« I’0 4 .:ill 2 (),occurs in nature?is the mineral Knniitbkite 
(sec p. '27). , 

By heativt^ molecular proportions of ferric chloride or acetate with 
phosphoric acid on the wafer-bath for two days, the pentuhydruted 
salt , UFelH),.511,0, is obtained us a pink powder, sparingly soluble 
in water and •dilute acids. It may be regarded as the ferric Salt o£ 
hydrogen feTri-'diorfhopJjosplmtc, IIj(Fe(l’0,),]5ll 2 0, and thcfcfofy 
written as Fe(l'V(I > 0,,),|5lI,p. Several alkali derivatives are known, 
the wore ftnuortaut of which are as folhnf : — 

, Sodium ferri-diorthophospbate, NaH 2 [Fc(I , 0,)$]p.,0, is obtained 
by heating for .it prolonged period on the water-batlt a solution of 
.ferric ljydrojjide in phosphoric acid and sodium hydroxide. It yields 
pale, pink crystals, willed gradually absorb moistifre, yielding the 
trihydrat «. * 

, * Arth ,<Buth So#, thin,.. ISSfl, (3), 2 , 

* Caven, J. Soc. Chem. lad., 1KJJ6, 15 , 17. 

8 Heydenroich, Chon. News, 18(11, 4 , 158. 

4 Caven. lor. cit .; Uatf.inelsberg. Watts’ Dirtichiary of Chemistry, edition 1877, Art. 

*• Phosphates ” (Ia mg mans), J\ 0 1 %• 

6 Thf colloidal pfcmsphnte, prepared by the action of concentrated amqionium hydroxide 
on ferric phosphate* has been studied by Holmes and Rindfnsx, J. Amer. Chem. Soc., 1916, 
*> 8 , 1070. c . . ' « r 
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Ammdtilum fgrri-dforthophosphate, NM,.H.,[Fc(P0 1 ),]. 
obtained by Danzigcr 1 «by addition of a large excess of di-ammonium 
hydrogen phosphate to a strongly acid solution of ferric chloride. It 
is then formal as p wlijtc precipitate. If obt acted in an analogous 
manner to the preceding salt,, it. yields ptnk, n.icroseo])ie. hexagonal 
crystals. In the absence of a sulIiciVut quantity of ammonia the acid 
salt, [Fc(P0 1 ),.H 3 ]NH 1 T7lI. ! 0, is obtained* * • , 

Sodium ferri-triorthophospbate, Nay 5 fFe'(P() 4 ) 1 ]JI.,0. results when 
sodium chloride Or phosphate is heated on,the wnVr,hal h with a solution 
(if ferric hydroxide - in phosphoric acid.. It is a pah* red. crystalline 
powder, sparingly Soluble in water. •• , ^ ' 

, Colloidal ferric phosphate is obtained by dissolving ferric phosphate 
in ainmoniaeal di-amintmiupi hyelrpgin phosphate and dialysing the 
solution until all electrolytes have Been washed away. . ''V colloidal 
solution t.lMis obtained is tasteless and without action on Iftmus. Addi¬ 
tion of electrolytes, such as^ilkali chlorides, effects itagelatinisntion. 

HoMi potassium•Itrroeyanide and Ihioeyanalh cause gelatimsation 
also, but induce no colour change, sjiowing the absence of free ions from 
the solution. 2 . 

Ferric dihydrogen orthopfiosjihate, FtfllJ’O,),, results when ft rrie 
oxide is dissolved in phosphoric acid until a precipitate begins lo appear. 
The solution is washed free Yrorn*excess of acid with ether and dried,' 1 
whereby a pi$V crystalline powder is obtained. When boiled with 
water, it yields feme orthophosphate, IV PO ,,‘,,’11 Ah * 

With water at the ordinary temperature it yields I lie aidgrurnns 
phosphate Fcl’O, and free phosphttrie acid. I lie greatt*i' tlit#propor- 

turn of water, the more complete the tleetniiposil. . 

With a large excess of cold waltr a preeipilale of eomposilion 
C Fe jPO.,. Fe 2 ( 11PO, l, has been olitainetl. . 

Acid ferric orthophosphate, l'VA) r 2P.,0..NH,0 m (hcPOi-If^PO,),. 
511/), is obtained in the form of pink crystals when ft fne pNisphnle is 
(iissplved in excess of yheispheiric acid and tTic solid ion eoneentrn^'d 
over sulphuric acid. 2 When bpilctl with water, neutral lerrie tjrtlio- 
phosphate, FcPO,.'2lI,0. results. * • 

Basic ferric phosphates occur in nature as the nun^ifls iliijraiitc, 
Fe 2 (0II) 3 (P0 4 ); .heruumte, FeP0 1 .2l'; i (P«,J(<>II),.1II 2 <;. • 

Ferrous metaphosphate, Fc(PO,)_, is pre-panel In the action ol fused 
Vctaphosphorie acid on ferrous phos|fhaN, oxalate- or cITloritle, or even 
■metallic iron, at red heal in a current of eaiVon dioxide Ihe si ,1 is 
obtained as a white insoluble powder, unaffected by hfdroehJonc or 
nitric acid, but attacked by hot eoiieenlrated sulpluirie ue-*t.- 

Ferric metaphosphate, F< 2 0.,.:tP,(P. (ill/) or Fit P() : ,).,.;iJ1/), h»s 
been prepared’ 1 bv dissolving feme Aside- ill glacial phl.splmric acid at 
100 “ C. and maintaining the hepiiej at t^is tc-nipe r;*tflue lor#se vera|» 
hours. The salt separates out.ni small crystals wbii-l\,1ako the torn; of 
1 pink rhombic plates dcjivoel from a monoclyiie prism* The crystals 
are decomposed by water? #g % • # 


Snr . 1907. 29 , 
. i9oj, 12 . :wh. 


I ♦ • # 

Sr<* »!»» S»htu*xl<w, 7,< il*ch. anorg . Cbm., 


1 See Cohen, J. Anmr Chm 

* Sell, Proc. Camh. Phil. Soc., 

1894, 5.84. , v 

» Erl#nm«*yr, Annalrn, 18<H t i94. I <«»- • •*% 

4 Otto, Ch€m.*Zentr., 1887, p. 1503. * 

* Colani, Compt. rend,, 1914, 158, 794 ; Ludert. ZttUrh. anorg. Cb.m., 

* HaulfcfAnile ancf Mygottofc^cwjpt. rend., 1888, 106, 13j>. 
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IRON AND ITS COMPO'tJNDS. 

* * | 

If the foregoing reaction is carried out at 150° to 200“ C., crystals 
)f the dihydrate, Fc(P0 3 ) 3 .2H a 0, are ( obtained as pink, rectangular 
amellae which are more stable towards water and are nojt attacked by 
ilcohol. ' e .. ‘ 

At temperatures above 200° Jb the anhydrous ’salt, Fe(P0 3 ) 3 , is 
obtained, the. form, of which depends upon the temperature at which 
ttystallisal ioh is allowed to feke place. 1 This salt was not first made 
known to science by this method, however, bu,t 2 by addition of ferric 
chloride to an execs'!, <vf diluted metaphosplforic. acid, concentration of 
the liquid, und finally heating the residue to 815° C. ( 000° F.). • 

It may also be prepared by addition of ferric oxide," phosphate, 3 or 
of anhydrous ferrous sulphate 4 to metaphosphoric acid until no more • 
of the salt will dissolve. The whole is then heated until the sulphuric 
acid has b*.:n expelled and crystallisation sets in. 

As obtained in this manner, the salt is insoluble fn wafer and in 
dilute acid, but soluble iA concentrated sulphuric acid. Density 3 02. 

Ferrous pyrophosphate, l'V J'/),, is obtained r ' as an unstab]? white 
powder by double decomposition of’ferrous sulphate and sodium pyro¬ 
phosphate ; by heating ferrous orthophosphate; and by reduction of 
ferric phosphate with hydrogen. Upon exposure to air it turns green 
and ultimately brown. 

Ferric pyrophosphate, Fe 4 (l , 2 O 7 ) 3 :'0H 2 O, is obtain.d as a white 
precipitate on adding ferric chloride solution to an equivalent amount 
of sodium pyrophosphate.* It V 1 soluble in ferric chloride, in excess of 
■jodiunb^yrophosphate, and also in acids. 

Whefi pretipitated ferric hydroxide is dissolved in a 48 per cent, 
aqueous solution of phosphoric acid, in the proportion of one moleclde 
of Fe(01I) 3 to seven of II !I I > <) 4 , a solution is obtained from which :— 7 
(i.)iWith excess of cold water, a greyish yellow precipitate is obtained, 
•of composition iFel’O^.FcjfHPO,^. 1 

(ii.) With boiling wat*c, a precipitate of formula 6FeP0,.Fe 2 (HP0 4 ) 3 
* results. • 

(iii.) On boiling the filtrate from (ii.),' the precipitate has the formula 
4jfc^PO j.2 Fcj( 11P0 4 ) 3 . 

Jiv.) On precipitation with alcohol, a substance 2FeP0,.8Fe 3 (HP0 3 ) 3 
is obtained. i r 

• 

Are these to be regarded as definite compounds '<■ Probably not. ** 
Complex pyrophospltfites analogous to ferri-orthophosphates in 
wllich atoqis of ir<rn enter rtie negative radicle, have been prepared.* 
Thu£ sodium ferri-pyrophosphate, Na 6 [Fe 2 (P 3 0 7 ) 3 J.PH.,0. analogous to 
sodium ferricyanide, is de)«)sifed at '30 0 (’. as a pitle, violet micro- 
crystalline precipitate from a 1.5' per cent, .solution ol* sodium pyro¬ 
phosphate sat*mated wjth, ferric, pyrophosphate. The copper and 

silver salts, Cu 3 [Fe a fP a O,) 3 ].12H a O and* Ag 6 l*Fe 2 (P 3 0,) 3 ].411,0 respee- 
«. » 

I , , , • 

Hftutefeuillo aiyl Margot tot, for. at. 

*» Maddr«ll, Phil. Mag., 1847, 30 , 322. * * 

3 H&uteleuillc and Margottot, Ctmpt. rend., 1883, 96 , 849, 1142. * 

4 Johnson, Ber., 1889, aa, 978. t 

* Schwarwnberg, Annaltn, 1848, 65 . 153. , 

‘ 4 Ridenour, Atner. t/. Phanto, 7 a, 125. * • * 4 

’ Erlqnm<rf-«r, Avnalen, 1878, 194 , 170. r 

• Pascal, VompL rend., 1908, 146 , 231; Rosenheim and TriantaphyllidM, Ber., 1915, 
45,582. 



V htoisr -m> *ai mMiarrs of group v. tso 

tively, «htfve been, obtained' from the’yodium salt by double decom¬ 
position. , • 

- Hydrogen fertl-pyrophosphate, II 6 fF(^(l\,0 7 U.71I 2 0, results as a 
white solid \vhen fjrric jiyrophosphatc is heated for twelve hours at 
50° C. with syrupy pyryphosphoric s»cid in nectonc. . 

Sodium ferro-pjrophosphate, Na*Fe 2 (P 2 0 7 ),, and sodium ferro- and 
ferrl-metaphogphates, 4v , a 4 Fe(PO :t ) ti and .N5 ;) Fe(P(1. t )„, have similarly 
been prepared. 1 *, 

Alkali ferro-pyropluApUates reduce scjlutionspf ,g<>ld and •silver salts 
ip the cold, the free metals being obtained in the colloidal condition. 
Mercuric salts -urt* reduced, yielding lirjt inurcurous saltj drift ihially 
, colloidal mercury, which is grey by relleeted light, but a reddish brown 
colour by transmitted liglp. Cujyic salts arc, reduced to eollyidal — 
cuprous hydroxide, which is yellow bv transmitted light and affords a 
delicate reaction for copper. At 10(1° C. metallic copper is deposited 
as a thiu film on glass. Solutions of platinum salt* are not reduced 
even un boiling. 2 , • - . • 

Two series of complex aimfioniigsalts have been prepared of general 
formuhe - :l 

•I. |Fe 4 (\U,), 1 .,„(P 2 0/)„l(P 2 () : ) 3 _„ 

and II. [Fe 4 (NJJ a ) l2 4 „,(P«0 7 ); J „„]n i ,„, 

• 

where H is amticid radicle, and n and m arc small, whole numbers, of 
the order of 2*>r .3. • 

Triphosphates.— A scries of salts termed triphosphates, of general 
formula M\ajP B O l( |, has been described. 4 where M represents lytlivalcnt 
rn^tal. The ferrous salt. '_’F( \a :l P :l (>, n .'- , .'lIl 2 <), results on adding sodium 
triphosphate. Xa.-.P^Ou,. to a solution of ferrous sulphate. It crystal¬ 
lises in silky, white needles, which are stable when dry, hut, rapidly 
oxidise in contact A ith water. , 

The negatin' radicle of these salts appears to he compounded of the 
pyrophosphate, P 2 () 7 ", and metaphosphate, i’O.,'. radieh s, so that, the 
anlfydrous salt may he written as FeXn ,(•* 

Ferrous thio-orthophosphitfc, Fc,(l'S 3 ) 2 is prepared, 5 by heating a , 
mixture of ferrous sulphide, sulphur, and red phosphorus^ If crystallises 
in black, hexagonal lainime which arc \*rv stable, resisting markedly 
the action of acids and alkalies. • • * 

- Ferrous thio-orthophosphate, FisjU’S,^. results 4 on Uniting together 
lerrdus sulphide ami phasphonts pciilasulphit(p, lift laftcr being present 
in excess of that required by the equation • 

. 3IVS i- LXS- TV : ,(PS,) r 

Tlic excess ol'pentasulphyle distils ilway. h aving a lifaek residue con¬ 
taminated ‘with, ferrous sulphide, l/om ^ii(j|i it is yjaalily freed bjf 
treatment with dilute hydrochloric aeiil • . , 

' Ferrous thio-orthopljosphatc is a black crystalline *i list mice which 

* • • • * 

1 Pascal, Comp, rend., :aox,* 146 , 23! : ifuacnlirim and Triantiiiihyllidua, Btr., 1#15, 

48 ,582. ' 

* Pascal, Vompt. rend., 1908, 1469 802. • 

* Paacal, ihid., 1908, 146 , 279* \ 

4 Stange, ZtitAch. anorg. Chenu, 1890, 12 , 444. 

* Ferranti, Compt. rend., 1896, 122 , 621 ; Ann. Ckim. Phys., 1899, 17 . • 

4 Glat^el* Zeitsch*anorg. Cherry, 1893, 4 , 186. 



100 IRON AND ITS COMPOUNDS. ' ' * 

leaves a mar k like graphite, tyhen heated it does not fuse Suf bums, 
leaving a brown residue. It is insoluble if) water and. dilute acids. 

Ferrous thio-pyropjiosphife, Fcjjy?,, has been obtained 1 by heating 
a mixture of sulphur and red phosphorus with excess ot iron wire to 
redness and maintaining at this •temperature* for Several hours. It 
yields greyish blae^ hexagonal pfates which appear brown by trans¬ 
mitted light.’ They arc attached Icy nitric acid,‘but mor« easily by this 
acid containing a little potassium ehloratfc. 

Ferrous thio-pyrophosphatg, Fe.,P.,S„ has been obt&inpd by heating 
the metal or its sulphide with sulphur and phosphoriis as in the prepanv- 
tion f>f nie preceding salt.’ It crystallises in lustroUs laihelhe, whicli are 
insoluble in cold nitric acid. 2 3 , 

> • » C ' 

r 

* • IRON AND ARSENIC. 


Iron sub-arsenide, Jh' 2 As. The possibility th«t this substance can 
exist, is indicated by the shape of the freezing-point curve of arsenic- 
iron alloys. 2 

Iron mon-arsenide, FcAs,,is obtained by heating* iron in excess of 
arsenic in the absence of air. This may be effected by heating iron in 
a current of arsenic vapour at S35" to 385“ C., 4 * or with arsenic in a 
bomb tube at (>,*()'' ('/' It also results when the di-arsflnide, FeAs 2 , is • 
redueed«it 080“ C. in a current of hydrogen. 

As obtained by these methods, iron mon-arsenidc is a silver-white 
orystnlmgc substance, of density 7-83, and melting at 1020" C. It is 
non-magnet it-! 

Iron mon-arsenide has been found as dark, steel-grey rhombic 
crystals, of density 7-1)1. in the hearth of an old furnace in Cornwall. 0 

Irot^sesqui-arspnide, Kc.As.,, results when iron is heated in arsenic 
vapour at £195“ to 115 ’ IV Density 7-22. 

Iron dl-arsenlde, l'VAi „ occurs as the mineral lolhigite, and may be 
prepared artificially by heating iron in arsenic vapour at 130° to 0I8®C. 7 
t Hilpcrt and Dieeknmnu 6 ..recommend heating linely powdered iron and 
arsenic in a^byinb tube to c. 700° C. On treatment with dilute acid 
the pure di-arsenide is obtained as a silver-grey powder, of density 
7-83. Insoluble in hydrochloric acid, both dilute and concentrated, it 
is slowly oxidised by nitric acid,, yielding arsenic acid. Heated with,, 
concentrated .sulphuiCt; aipd, sulphur dioxide is'evotved. When heated 
in,air it burns, yielding ars- niims oxide and ferric oxide. It is non¬ 
magnetic. »• 

Iron tliio-arsenlde FcAsS, o- FeS a .FMs,, occurs ip nature as the 
mineral mispick ••/-.- arsenical pyrites or arsenopyrite (sec p. 21, where 
crystallographic data arc given). If cobalt iS also present, the mineral 
B known as glhthodipe. (IV, (’o)AsS. When Jhc arsenide is in excess, 
thc'minerjd is called paeite , FcSktFr As 2 . 
c Constitution .—Many suggestions have beet made.as to the consti- 


1 Frjodol. Hull. Soe. cfnm.„ 1894, xi. 1057 ; Compt. raid., 1894, 119 , 260. 

a Ferranti, Compt. raid., 1896, 122 , 886 . 

3 Friedrich, Meta&nrqjf, 1907, 4 , 129, 

* Beutell and Lorenat Centr. Mm., Ail 6 , p. lO. 

(l # Hi'^x'rt a.id Dieckmann, Her., 1911, 44 , 2378 

n Headden, Amer. J. Sci., 1898, (4), 5 , 93. 

7 Bei\lell and F. Lorenz, Cenlr. Min., 1916, pt\l0. \ 



* IRON AND TfiE ELEMENTS OF GROUP V. 1 M 

tution Sf 'mispiekal. The structural iprmula suggested by Beutell 1 
may be written , * 


Fo 


E—As , 

< I >*• 

V S—. 


This, however, offers no explanation* for thy fact ymt the percentage 
of sulphur in the crystals obtained from •various localities shows con* 
sidcrablc variation, as Ijttlc a^.18 05 p«r cent, and jis much as 2247 
per cent, having 1>ecn found. 2 « • ‘ . , , , 

• Chemical methods for determining the constitufum lead to con- 
llieting conclusions*precisely as in the T‘»se of* iron pyritcs,(scc p. *lfl), 
•owing to uncertainty as to the sjate ol valency ol the iron ill the 
mineral. The formula usually accepted is l < eS 2 .hJeAs a . • < 

When heated in the absence of*air, tnispiekcl loses nyich ot its 
arsenic. 3 ‘This i*explained on the assumption that the irtm disulphide 
decomposes into free sulpln*r and ferrous sulpiride : • 

Ke*S, KeS ’ S. 

The sul])hur then attacks the df-arsenide, causing the expulsion of the 
arsenic : - 

Fe4s* 2 I S=Fi‘S I 2As. 

Combining tluj*hove reactions, the equation may he represented as 
• KeAs,FeS 2 -2l'ivS-i 2As. 

Loe/.ka therefore favours the formula KeAs...!• e.S_, for imsjuokcj^ • 
4)n the other hand, when mispiekcl is heated m hydrogen the whole 
of the sulphur IS evolved as hydrogen sulphide,* whereas both pyrites 
and mareasite under similar eondilmns lose only halMheir sulphur, 
beino coin cried into ferrous sulphide, KeS (see p. .1 H ). lh< * lul '| s 
suggest that*the pyrites molecule is absent, and that tl .ron. i .hsulphld| 
is actually present, it is jn some other lorm thrtn ordinary pyrites. ^ 

The formula 1 , * 

Fo 

Ah 

S 

i 


Ferrous met-arsenitc, KitVAs./)., or Ki(As0 2 ) s has bieoijitniii^d \>y 
the action of potitssium hytkogen arynitc, K 2 O.As 2 <),.1 !_,<), upon a 
dilute solulioifrof ferrous sulphate. Jt is greenish m.V>lour, becoming 
brown Vfm exposure t«* aiff When a hot, satura^l solution of 
arsenious acid containing fcVrons ictflidc is»aH>wcd t<*«*)ftl, < r > st ‘ i S 
, the compound FcI a .4As^ 3 .12fl 2 () arc ubtamed, U<th % xlowlv ox i esc 
in air, and in mc V o ovet»*onocntrated sulphu*ie yield up all Oicir <om- 
bined water. The iodide character <*Whe salt is suppressed, f«>m whpb 


, tut. nj, 


> Bcutoll.C'i iilr. -l/oi„ 1011, )i. 3J0. 

1 Arzruni and Daerwnld,' ‘Jahr^ Min., Uj K h I . _ 

* LoAka, Eeitich. Kryit. Min., 1889, I y, 41. T Utfoot ibid 

* Starke, Shi, A, and E. F. Smith, J. Amtr. tkem. Six., , l^btfoot, ibid., 

1894, 16 , 62L See also RammelsberK, Jahrb. Mm., lo»7, 11., *«• 

* Reicflard, Her., 189* TJ, 1Q». 



m iron and ns mpmiffif; 

it may be inferred that the iodine lias combined with the arseniou. 
oxide to yield a complex negative radicle.^ , 

Ferric arsenite, 4Fc.jp 3 .As 2 O r 5H^O, may be prepared by shaking 
freshly precipitated 'ferric ‘hydroxide with an jqueoas solution of 
arsenious oxide, of by adding sodium arsemYe 0 (or an aqueous solution 
of arsenious oxide) to ferric acetate. It is brown in^golour, .and oxidised 
by the air tylicn mbist. 2 r , < n 

' By the action of ]>otassium hydrogen arsenite, lf t O.As i O s .H t O l 
on dilute aqueous ferric chloride a yellow powder of composition 
Fc 2 0 3 .As 2 0., or FeAsOj has fyeen obtained. 3 A substance of similar 
chemical eom|)osltion has be(;n found in a crystalline deposit formed 
during the Deacon process of making chlorine. The crystals of the, 
pure salt are monoclinic, their crystallographic elements being :— 4 

, a : b : C---0-9405 : 1 : 0-6284. (8 = 105° 10 5'. 

The pentnhydrnte, FeAs0 3 .5ll 2 0, found with the preceding salt, 
crystallises in the rhombic syst-m. * a 

On adding freshly precipitated ferric Ursenite to potassium hydroxide 
solution until no more dissolves, and subsequently evaporating, the 
soluble potassium salt, tiK 2 0.5 Fc 2 <),.9As 2 ().,.2111 2 (), is obtained as a 
reddish brown amorphous substance, which dissolves in water, yielding 
an alkaline solution. 6 

Ferrous ortho-arsenate, Fe 3 (As0,) 2 .6lI 2 0, occurs irV nature as the" 
raincrutu nmplesite. 

It piuy be prepared by the 4 action of disodium hydrogen arsenate 
Upon hymns sulphate solution :— 8 

■iKeSOj (- |.Na 4 lIA.s0 4 =-Fe > (As0 4 ) l -|-Fc(H J As0 4 )j,»J-4Na 2 S0 4 , * 

and gradually undergoes oxidation upon exposure to moist air, yielding 
ferric f('senate and ferric oxide. 7 

Ferric.•ortho-arsenate occurs in nature as the mineral scorodite, 
FcAs0 4 .2lI,0, and may be produced artificially by heating iron to 
i5#° v. with a solution of arsenic acid, 8 or bv heating ferric arsenafe in 
t a similar manner with aiwcnic acid. 8 

The inoKolytdrtdc, FcAs() 4 .H 2 0, is precipitated from solution. 

.The salt, when dried in-air, is a dull white insoluble substance, 
containing one 'molecule ofi water.' When heated at 100° C. it becomes 
anhydrous. Op treatment with‘Sodium hydrogen carbonate solution; 1 
both the monohydrltte and the anhydrous salt cause effervescence to 
take place, a soluble doublesersennte being produced. It would appear, 
therefore, that the hydrated salt is acidic, and determinations of its 
bpsicity indicate that its formula is Fe0.As0 2 (0II) 2 . 7 > 

Colloidal ferric arsenate is prepared,, by the action'of ammonium 
.hydroxide on, fhe insoluble salt." 1 

Weiflland and Gruhl, Arch. Pharm., 1917, 255 , 467. 1 

4 See Folding, An&ilen, 1850, 74 , 87. 4 ' 

, • IteichUrd, Ber., 1894, 27 , lQlfJ. 

4 Arzruni and Schiitz, ZeitscX Kryst. Min., 1894, 23 , 529. 

4 Dobbin, Pharm. J., 19W, (4), 18 , 585. 

9 Wittstein, JaSrenber., 1866, 19 , 243. ' 

7 Duncan, Pharm Ji^., 1905, (4), 2{:, 71. • t , 

8 Vcmeuil and Bourgeois, Compt. rend., 1880, 90 , 223. 

■Retake, Jahrb. Min., 1898, I., 169. 

10 Holmes and Rindfuaz, J. Amer. Chetn. Soc ., 1016. 28 . 1970^ ■ 
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"■»* « '*■ i , 1r * * * ' ' ‘ 

The* anhydrtm salt* has been found as a deposit in the Deacon 
process for the preparation of chlorine, in the form of black prismatic 
crystals, belonging to the monoclinic system. Its crystallographic 

elements are .*— :* . * ‘ 

* * • 

a : V : c=*0-61S5 : 1 ; 0;322I.' fi=77° S'. 

Density 4 -82. l t , • * • , 

A hydrated acid salt, 2F«^HAs0 4 ),.!)H 2 0, results when solutions 
of disodium hydrogen Arsenate and ferric chlgri^e" are mixed. The 
salt separates" out as a white precipitate soluble in # ayuoous hydrogen 
chloride. - • • •. • * » • 

, On addition of disodium arsenate, Na,llAsO„ to iron ammonium 
alum, in the proportion of two molecules of the former to one of the 
latter, a precipitate of composition? Fc # 0 3 .As a (1 t , is obtained, which 
varies in Jiut according to circumstances.- Titus, on aaldllig u small 
quantity^ of the arsenate to the alum soluticyi a white precipitate is 
obtained ; but, on reversing the procedure, the precipitate is brownish. 

The white precipitate turns vMlow, and dually brown, however, when 
washed with water. In the presence of large excess of either constitu¬ 
ent the basic sad, 3Fc a 0 3 .2As a y 6 , is obtained. The following sub¬ 
stances have also been prepared : H'\ 2 O :1 ..'tAs 2 O 0 . Fc a ( ) 2 .As 2 0 5 .1711,0, 
2Fe a 0 3 .8As a 0 6 .22-5M 3 0, anil Fej0 3 .3As a t)j.lU-711 a (). 

Several b^fie arsenates occur ns minerals, namely, iron sinter or 
pharmaco-sider ite ,, 3 Fc As0 4 . Fe(() II}til 1 2 <>; Vulcanite, (t’a 3 , 1 '>j)As,O h . 
2Fe(0ll) 3 .5lI a 0. • 

The double arsenates, ammonium ferric <y tho-«r8eiiaie, 
(N4I 1 )II a As0 1 .FeAs0 1 , and potassium ferric arsenate, 3 possibly repre¬ 
sented by the formula KH 2 As0 4 .FeAs0 4 , have been obtained. 

An arsenate qontuining copper- namely, CuFc 4 As 4 0jj or CuO. 
2Fc a 0 3 .2As a 0 6 - - has been found in the form of rhombic crystals as a 
deposit durmg the manufacture of chlorine by the Deacon psoeess. 4 

Other double ferric jrsenutes are : KjO.WjOj.SAsjOj,, NujO.FcjO,. 
2As a 0„ 8K a 0.2Fe a 0 3 .3As a 0 S) qnd 3Na a 0.2Fe/) 3 . lifts/) (/' • 

• * 

IRON AND ANTIMONY. 

Fepro mono-antimonide, FeSb.-*By beating iron* and antimony 
•together in a crueiljje alloys of the t#o metals, in varyhig proportions, 
have been obtained. Lfiborde 8 concluded, As a desuit of studying the 
density and specific heat, that a compound, Fe 3 Sb 4 , is’formed; but 
Maey, ? from an examination of the specific volumes of tl*e ^lloysf con¬ 
cludes that % compound formed is n*>rc correctly represented by tj>c 
formula FeSb. * , * * * 

The dRntinjonide, 8 FeSb a , is qbtainejl m an a^ajqgous anunnet 
and occurs as crystals in rai* antimopy obtained ip the commercial 
> extraction of tliis metalloid. # * 

1 Jelek and &imok, Zeilsch . Krytt. Mi*,,. 1914, 54, 1SS. 

1 Metskc, ZeiUch. anorf. Chem., 1899, X9, 467. 

* Cortman, J. Amer. Cbem. 80 c., 1910, 32,628. 

* Antuni and Schipr., ZeitMk, Kryst. Min., 1894, 23*529. 

s .Lefeyre, Compt. rend., H90, 111MI6. A 

* Labofdo, ibid, 1896, 123, 227. 

’ Maey, Ztiltch. pbynhal. Cbem., 1901, 38, 292. , — * 

4 £*rnako3 and KonatanliooS. J. Sum. Phys. Cbem. 80 c., 1908, 40, 227. 
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It.crystallises according to # the rhombic system, 1 the axial ratios 
being • , 


a : b \ c =0 -75909 1 1 : 0 -96872. • 

• • • 


It melts at 782° and at,that tempSrature.undergoes partial 
decomposition into trlferro di-an*imonide, Fe 3 Sb 2 ‘g— 

* ’ ;3Fc.Sb 2 ^=Fe 3 Sb 2> + 4-Sb." * • 

• * * * r 

Ferrous thio-antimonite, F<- 3 Sb 2 S e or 3F(<S.SI) 2 S 3 , is*obtained by pre¬ 
cipitation from,a solution («f a soluble ferrous ‘salt with a dilute 
solution of potassium thio-anfimonitc. 2 It is rfcatlity oxidised, and 
always contains potassium if prepared from concentrated solutions, 
r Ferrous metantlmonate, Fc(Sbf) 3 ) 2 .FeO or 2Fe0.Sb 2 0 5 , occurs in 
nuturc as tfipuhyte (see p. 28). ' 

Ferric mefantimonate, 2Fc(Sb0 3 ) 3 .13lI 2 0, has also been obtained. 3 

Ferric ortho-alitimonate, Fe 2 0 3 .Sb 2 0 6 oj FeSbO.,, is obtained in the 
heptahydrated condition, 2l-'citb0 1 .711 2 ( J ), by addition of excels of a 
concentrated solution of a ferric salt, to a boiling solution of sodium 
antimonate. 4 The di-antimonate, Fe s 0 3 .2Sb 2 0 5 .ll^I 2 (), prepared by 
precipitating iron ammonium* alum with‘potassium antimonate, 3 is a 
yellow salt, which becomes anhydrous at lttO 0 C. 


1 lAuill, Zeitsch. Krysl. M it:., 1900, 42 , 074. 

- I’uugot, Com pi. tend., 1899, 123 , 104. 

1 UoilBtem and Blast*, U'utn. Zcntr., 1889, p. 809. * 
1 Kbel, Her., 1889, 22 , 3044. 



CHAPTER IX. 

IRON AND TIIE ELEMENTS'*OF GROUPS IV. «\I?1) HI. 

• • . 

- ’ . •1HO* AM) I .flHION. * 

Triferro carbide, I'V 3 C, known 1tin- imtnllurgisl as cnnnititr, occurs 
in meteorites associated vwth.tlie•carbides' of nickel and cobalt, ii.s the 
mineral Culienile, (Ee, Co, Ni^l’ (sec |i. It!). It occurs normally in 
steel, and was lirst isolated 1 by acting on steel with a solution of potas¬ 
sium bichrumidi* in sulphuric acid. The metal dissolves, leovjpg the 
ccmentite as abla^k powdery residue. 

A Variation ol this method consists in using bars of steel as anodes* 
in baths of dilute acid, platinum plates suspended in porno* cell?serving 
as cathodt s.- 

A better method consists in lirst preparing a steel \ cry rich in carbide 
and then effecting the isolation of the latter by dissolution of the free 
metal in acid. 1 To this end 1000 glams ol iron arc'lgated wiffi arc- 
lamp or siigat carbon (100 grams), to white heat, and poured on to a 
large iron plate to solidity. Alter ri moving !fn\ s^ale. tic., the m»sA 
is potvdered, digested for seser^l weeks with normal acetic acid, and 
then with 1-normal hydrochloric acid. Any Temainiiig'earbon is re¬ 
moved by Irrigation, and the risidual cenantile washedi with alcohol 
and ether, and fiiyilly dried in a vneuupi. * , • • * 

As obtained in this manner, eniniitite is grey in colour and very 
battle * it can be p^wdereddn the lurfid. Its harems* is 8-2 to 8-8; 
density ' at i!l C. 7 •:)!>«; molecular volume W-iif. It ejyslalhscs ip 
pseudo-hexagonal form. 5 Tin* specific heal til cemenjite, as gilculijted 
from data obtained pith carbon sti els, is 01581.“ • t 

The heat of formation of ccmentite In#, been determyiyd by differenf 
investigators witTl very varying ig-sults ,*us indicated in the accompanying 
table:— , • • • • ••**• 

3[Fej-H.CJ =*[Fe,t'j 1 gi calories.* < 

* • • w 

> Abel, Iron, 1883, r, 70; 18*i, I, 115; Proj imt. ilrch. Buy., fc«3, [i. Ot; 1885, 

p. 30. • * 

a Osmond and Wurth, Ann. Min**, 1 HH.», 8 , 5, Arnold and Rntti, TtuM.»Ch*m. Nac. t 
1894, 65 , 788 ; ^yliutt, hWrstfr, and Zntxrk. nnortj. Chftu., 1890, 13 , 38 ; Camp¬ 
bell, Anier. ('hem. 1H97, 18 ? 830. • *\ 

* Moisfsdh, Cdfnpt. rend., 1897, 124 , 710 ; TCuft and <ieroten, Her., 1912, 45 «ti 3 . 

* Moisaan (Comfit, rend., 1£97, 124 , 710) find* h density of 7 07 C. ” • 

4 Grotb, Chemise**-Kryslallographie, 1900, vol 1 . 

* Oberhoffef and MeUthan, Mdalhirgie, 1908, 5 , 173. 

y>5 
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Value ol x (calories). 

---—-,---- 

f • 

■ ( Authirity. ,, 

-15,800 

r 

No sensible heat 
evolution. 

+2270 

* ‘+8940 0 ‘ 

+ 8494 

Ruff* and (Jersten, Ber.f 1913, 46, 894 ; 1012, 
45, 68. , • 

Baykoff, Rev. Metallurgies Mem.,' 1911, 8, 815. 

f • f 

“Jermiloff, J. Russ. Metall. Soc'., 1,911, p. 851. 
Schenk', Scmiller, and Falke, Ber., 1907, 40, 1704, 
CampWeTl, ./. Iron Steel Inst* lfflOl, I., 211. 

* 


f 9 1 

The evidence is. admittedly conflicting, but the balance of evidence 
is distinctly in favour of the view that cementite iy an endothermic 
substance, as indicated* by the results of ljuff. * 

The suggestion has frcquehtly been made llit.t cementite os not a 
compound, but a solid solution of carbon in iron. 1 This view is not 
generally accepted, however, as otherwise a whole seizes of solid solutions 
containing varying percentages of e&rbon might be expected to exist, 
which is not the case. 

When damp, cementite is rapidly oxidised in air, yielding a mixture 
of hydrated oxide and carbonaceous material. It is; not altered by* 
exposure to dry air ; when v<yy finely divided, it burns in air below 
*150° C t , becomes incandescent in bromine vapour at about 100° C., 
in chlorine at a somewhat lower temperature, and in sulphur vapour at 
about 500° C. a Although insoluble in concentrated nitric acid, cementite 
dissolves in nitric acid of density 1-18 to 1-2, yielding a brown-colourcd 
solution, the depth of colour being proportional, other things being 
equal; to, the .amount of carbide in solution. By dissolving a given 
weight of steel in nitrjc acid, therefore, and comparing the colour 
Obtained with that when the same weight of a steel of known t com¬ 
position is employed, it is possible to estimate with considerable 
accuracy ^he‘amount of cementite in the first steel. This is known as 
the Eggertz tf.it, and is largely used in steel works. 

Cementite is less rcqdily a 1 tacked than met a lb c iron by dilute 
hydrochloric ,acid ; it is gradually dissolved by a normal solution of 
the acid, and 1 cuddy in a concentrated solution,> the gaseous pipdmrts 
being hydrqgen and hydrocarbons. 3 

.The molecule of cementite is probably not represented by the simple 
formula Fe 3 C, but by (Fc 3 C),j, where v is some whole number greater 
‘than unity. At present there appears to be no method of determining 
the value to Jjc assigned to n. • * 

itfhen ifdn 'cout ami ig.cementite is maintained at a temperature a 
little above ^00° C. for some ■time, the carbide dissociates almost com¬ 
pletely into y iron andagraphito. 4 This is qvite in accordance with the 
yiew that cenftntitc is an endothermic compound. ' 

A consideration of the.influenee of cementite upon the metallurgical 
properties of iron is,reserved for later t^iscussion. 3 

1 See, for example, Bay&ff, lac. cif. t 

* Houftan, loo cit. 

1 Mylius, loo. oik ; Campbell, loc. oil. 

4 RoS and Goeoke, Mtt»Utrait, 1911,8,417; ZfUetit. anaem.Ckcm.‘, 19U, 24 , 1184. 

* See thtr volume. Pert IU. * " ' ■' 
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Difetri carbid#, Fe t C. — By heating <mre iron in a graphite crucible 
in contact with carbon, in an Plectric vacuum furnace, Ruff and Goeeke 1 
have been able to determine thcf solubility o£ earlton in liquid iron at 
temj)cratures.‘rangi«g fr<yn 1220° to 2026” C. ( and to prepare a diferro 
carbide, Fe,C, the" existence of which was Suspected as resulting when 
cementite is subjected to prolonged annealing lydow 0(M)“ C’.* The 
results were obtained*by suspending the crucible in the furnace, and 
when the desired temp^raturi* bad been, reached ami maintained for a 
sufficient length*of time the crucible ijas rclmstyl bv a fhechanical 
device and dropped Into ice water. The metal was tings capidly qncjiched 
without fear ofTlissoPiation due to slowMooling. The combined carbon 
• was then estimated, the results boipg as follows 



-«-- 

K .* 

“ . 

Temperature. | 

Combined Carbnu. 

Temjierature. 

CoipbAod Carbon. 

Per cent 

**■- 

Per cent. 


*. • 

- •. -• - 


1220 

t 58 * 

2160 

8-21 

1305 a 

1-81 • 

‘22*20 

0 60 

1522 

5 1ft ’ 

2271 

8 97 

1628 

5-7& 

2820 

801 

1828 . ! 

6-50 

2120 

8 09 

2020 ' 

0 05 

2175 

7d.8 

2122 * 

7 51 

. 2626 

7 45 


•These results, when plotted in the form of a curve (see fig. 8), exhibit 


5 ,0 f * 
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* : Fro. 8. * * t . 

a break at 1887“ C., corresponding totji* composition ccmcqtite, FfljC,- 
A maximum occurs at 2250” C., with 0-60 per cent, of combined carWm, 
which corresponds to difemj carbide, Fe t C. Up to tliis temperature 

* Rat amXJoecke, ZeiltcA. angrv. Ct0n., 1911, 24 ,5^34 : Metaliurgie, 1911, 8 , All | 

^ 1 'K. IX Campbell and ftennedy, J. Iron Sterl Inrt., 1902, It, 288 ; BemsliCks, Mrlol- 
■ 6 , 687 . * « * * 

:'*e : 
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it was observed that the molten mass remained uniformly llqifid, with 
a bright reflecting surface. Above this temperature graphite began to 
separate out, but the tejnpjrature had to be raised very carefully, as 
otherwise the whole mass became suddenly yjeeted from the crucible, 
in consequence of the violent decomposition oli*the diferro carbide into 
iron and free gropljitc, with evdlution of heat, the compound being 
jndothermie. < . 

Doth curbidcSj Fe :! C and I’o 2 (', arc .thus endothermic compounds at 
temperatures abovq 780° C., ynd the diminished solubility of graphite 
in irqn^vbove 2*230° C. is due to dissociation of the diferro carbide. 
Below 2220° C. the reaction »• ' * *' 


3Fe 2 C^2Fe 3 C f C 

« 

obtains, whilst at 18.17° ('. the cinhentitc dissociates:— 

* ( Fe a C s --3Fc + C. 

Iron dicarbide, FH' 2 .—A substance of* this •.vmposition has been 
prepared 1 by allowing melts of iron, eoAtnining from 0 to 10 per cent, 
of carbon, to cool. Crystallisation begins at 2380° to 2000° t\, a pale, 
yellow carbide separating out, with a silvery reflex, ft is slowly attacked 
by nitric acid, and, when immersed in dilute copper sulphate solution, 
becomes coated with a film of metallic copper. 

When amrnrtnium ferrocyanidc, or its double (\'tnpound with* 
ammonium chloride, is heated, a black magnetic p<*wdcr is obtained. 
T3.is, upon ignition in air, is completely transformed into ferric oxide 
without any change in weight, and is believed 2 to be the diearbide, FcC 2 . 

Several other carbides have been described, namely, the mono¬ 
carbide, 3 FeC; tetraferro carbide, 3 Fc,C (which decomposes into 
y iron and graphite at temperatures below 1130 Fc(J 4 , 4 Fe 3 C 2 , 4 

Fe 6 C, 6 r'nd Fe 12 C. 5 * The two last-named are obtained by the prolonged 
action of Carbon* monoxide on iron at red heat. Fo, 2 (J is more readily 
sqjuble in sulplmrie acid than Fe 6 (’. which enables the latter ty he 
separated : - * 

JFcjjC' + 1251 ..SO,--- 12 FcSO, | CII 4 +10II 2 . 


, iron Carbonyls. 1 

Several rontyoimds of iron am! carbon monoxide are known. Jlon^ 
and Quincke" were r tlio«firsl to obtain experimental evidence of the 
existence of Volatile iron carbonyls ; tIp-y succeeded in volatilising 
reduced irfln.in a Current of carbon monoxide to a^veny slight extent, 
a{td concluded that a tetraearb* nyl, Fe(C()) 4 , hud been-produced corre- 
spoilding to the 'nickel analogue,* Ni(CQ),. pvtiich had**been prepared 
jhe previous A few months later Mond and L^rger** K Sueceeded 

in isolating the yon. carbonyl, am! found it ho be not the tetra but the 
pefita derivative. . * 

1 Wittorf, .1 Runs. Vhys. Chon. rSyr., 1911, 43 , 1613. 

s I.jubavin, ibid., 1912, 44 , 609. 

* Wittorf, lor. oil. 

1 Franok, Stahl iM Risen, 1896, 16 , 68 S ; V’Ajm. Zteilr., 1896, II.,“673. 

a (Sautter and Clauanmin, Compl. retd., 1910, 151 , 16. • « 

* XUjTot antf Quincke, Trans. Chan. Sor.. 1S9I, 59 , 604, . 

* Mond, hanger, and Qrnnoke, ibid., 1890, 57 . ~’■ 

* Mond and hanger, ibid,, p. 1090. 

* (l 
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Irorf pfentacarbonyl, *Fe(CO) s , was stained by Mom! and lawyer 
I)y allowing finely divided irofi, obtained by reduction of ferrous oxalate 
in a current of hydrogen, to remain twent\;-foyr hours in an atmosphere 
of carbon monoxide. Tfiy gas was gradually absmbed, and, on warming 
the whole to 120* t he carbonyl*distillAl over and condensed in a 
tube kept at —20 o i\‘ , * t • 

As obtained in this way iron pentnearbonv 1 is a somewhat viseou| 
liquid, ])alc yellow in colour*which solidifies at about -M J C. to a 
mass of yclhjw* needle-shaped crystals^ On helping the*vapour it 
dissociates into metallic iron and carbon monoxide, dissocial ijm,being 
practically eonfylefc’at 21<i :l l'. 2 •• • 

The empirical formula, l'V(t(^) v has been continued in several 
analyses, and the fact that* the molecule is singh- and correctly repre- # 
seated by the above formula, when tile carbonyl is dissolved^!! benzene, 
has been •prowl bv ervoseopie measurements. 1 he Solid carbonyl 
melts at* -lit :') to -2<i J J'., and the liquid boils fit 102-5" under 
700 mm. pressure. *lts density at various temperatures lias been deter¬ 
mined as follows : 


Temjicnitun*. 

¥' 


1 lelisit V. 

0 

i 

• 

1 -4037 

21 1 

1 

1 •15(15 

U) 


1 1330 

00 


I-3S25 


Its mean owollieiont of expansion with rise of teinfiesaturc iifIl-00188. 
Its vapour pressure at various temperatureses as follows : 

Temperature, X'. . . 7 (> 101 1K4* 05 37 *7^1 

Vapour pressure in nun. tin to o 250 »2H 2 52 <J 1,1X 0 fill-2 • 

The halogens decompose solutions of the carbonyl m oltrbon tetra¬ 
chloride with tlfe formation of ferrous salts. In the presence of edVc&s 
of chlorine, however, ferric eliloridc is^tornud. I he velynty of reaction 
Hdls*rapidly from chlorine to iodine. « * 

Iron pentaearhonvl is adsorbed by mehiim* iron. 1 , , 

The fact that the halogens decompose the pcnbiearbonyl, yielding 
ferrous salts, ajtoawntlv suggests that the iron is merely <h\alynl fti the 
carbonvl. If H>, tin: structural foruyila is presumably; 4 * 


,<•<> m 

fed • /’Of 
*((>-< XI 

Gaseous hydrogen djoride and bromidehire without action unpn. 
liquid iron pentacarbonyt but hydrogen iodide reacts with ih. yielding 

i gtoffel if'hem. WttlcbM, 1911,#, 722) hu» inveatipated Jhe oindUian/gos-emingtho 
formation of Fe(OO), and shows *baf the ] .* ..“ 


,» nrtjsrncp of ammonia accelerate* the reaction. 

* LS-ftar add H. 0. Jones, Pror. Rot/. S 9c., 1905. A. 76 , 558, * 

1 Stoffel, Eighth Inter. Cong. App. Chtm., 1912. 2, 225. • A 

♦ Mond, toe. til. ; Gladstone, Phil. Mag., 1893, (5), 35, 204:' F ™" d - °/ 

Valency (tohgmana, fW9), p. UJ», contraat Silva, Bull. 80 ^ chtm., 1897,^3), 15 , 835. » 
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ferrous iodide, carbon monoxide, and hydrogen. When exposed to 
sunlight, the pentaearbonyl, either alone or iu solution, decomposes , 1 
yielding:— , • • * 

Dlferro nonacarbonyl, Fe,(CO) 0 , which separates out as orange- 
red crystals, which'are staLle in dfy air. The reaction is as follows :— 

* 2Fe(€0) s —*Fe 2 (CO)»+CO • ' ' 

r ■ ' • 

The electric ar,o only induces the abtrvt'. change slowly, whilst the 
acetylene ilanie has. vety littly influence. Blue light is prost effective, 
the activity faliiug-as the red end of the spectrum is approached. Variac 
tion of pressure up to T25 cftlnospheres is without influence, whilst 
heating to 00° or 100° C. entirely inhibits the change. The reaction • 
induced by light is shrwly reversedpn the dork. The reaction proceeds 
more readi'y in ether, alcohol, fir light petroleum solution than in 
benzene. ' < ' 

To obtain the n'mucwbonyl in a pure condition, the penta derivative 
is dissolved in dry etlrer or ligfit petroleum, and exposed to sunlight. 
The resulting crystals are dried over sulphuric acid and solid paraffin. 
The nonacarbonyl is practically insoluble in ether,,benzene, or light> 
petroleum ; slightly more soluble in ethyl tflcohol or acetone ; and more 
so in pyridine. Its density at 18° C. is 2-(i§5. On warming, it decom¬ 
poses at about 300° C., yielding the pentaearbonyl, free iyon, and carbon 
monoxide. Thus :— f 

2Fe,(CO),=3Fc(CO) 5 +Fe+8CO. " 

When* crystals of the nonacarbonyl are warmed with certain solvents 
to from 50° to 90“ in an atmosphere of carbon dioxide, they dissolve, 
yielding green solutions which contain a third carbonyl, namely :— 
Irontetracarbonyl, Fe(CO) 4 , the analogue of nickel carbonyl. Dewar 
• and Jof.es 2 obtg.in'ed it in the form of dark green prismatic crystals 
from the green toluene solution. Iron tetracarbonyl is stable under 
on!inary conditions, but. dissociates into metallic iron and carbon mon¬ 
oxide at 140“ to 150° C. The crystals have a density of 1 -996 at 18° C., 

; and are soluble* in toluene, light petroleum, ete., yielding dark green 
solutions wfiieh slowly deeolcjrisc at 100° C., and rapidly at 140° C., 
metallic iron being deposited. .From cryoseopic measurements it 
appears that tpe tetracarbonyl ^las a high molecular weight .when 
dissolved in bcnv.enc, ' . ' • * 

4 Ferro-nickpl nonacarbonyl, FeNi(CO),, appears to be formed when- 
iron pentaearbonyl .is dissolved in nickel tetracarbonyl. 3 

« Ferrous carbonate, FcCO a , occurs in nature as spdtdc iron ore (see 
p. 20), which, however,, is not pure, even in Jhe crystallin e-fo rm. as it 
oontaink several! ether iscynorphous carbonates. When crystalline, the 
mineral is general'y known as clmlybite o) 1 sidtHte. The crystals belong 
to the hexagonfd system,,and are brown in colour. Upon exposure to ' 
'moisture %nd air they are gradually converted ihto hydrated ferric oxide. 
When heated, they begin to ^decompose at abdut 400° C.* in air. 

In the laboratory ferrous carbonate pray be obtained as a white 
** , < * 

1 Dewar and Jones, Proc. Hoy. Soc.,*l 905, A, 76 , 658 ; 1907, A, 7^. 06.* 

* Dfcrar and Jonea, toe. fit 1 ' 

* Dewar and 'Jones, ibid., 1905, A, 76 , 558. - * 

* Friedrich and L. p. 8mith, Centr. if**., 18fi. pp. fll«, ©!. «84. 
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precipitate by adding sodium carbonate to a solution of ferrous sulphate 
m the absence of air. If air is present, the precipitate rapidly turns 
green in consequence of oxidation, carbon «dio.\ide is evolved, and 
ultimately the mass*consists almost entirely of ferric hydroxide. 

If the air is enfirelytcxcludcd, tlu*originfd white precipitate may be 
washed and 'dried a»d kept in a hurmetieally.scalnl lube. 

Microscopic crystals of ferrous carbonate have been obtained b)j 
precipitating tlu^ salt IJfom'a‘ferrous solution with .sodium hydrogen 
carbonate, and heating the "mixture in chased tubt-s for twelve" to thirty- 
six hours at. 150° (' 4 ‘ . • . • , 

The heat of formation jif ferrous earbbnate’is 1 

[ FcO | | (C0 2 ^=[Fe(’0 3 ] t 25,200 calories. 

_ *, . • 
Ferrous hydrogen carbonate or ferrous blcarborate ( , FrH,((.O a ) t , 
exists in.sMutiofis obi allied by dissolving ferrous <L\ide*or carbonate 
in watjr charged wdlj excuhs of earlxyr dioxide. On exjiosure to air 
carbon dioxide is evolved, and a precipitate is obtained consisting 
essentially of ferric hydroxide. 2 * 

^ The solubility «rf ferrous carbonate in water and in aqueous solutions 
of certain mineral salts under a pressure of two atmospheres of carbon 
dioxide is as follows :— 3 ■ 


Salt • 

C 'oft mitrut it .a m Granin 
per ban* 

K 0 CO 3 Crams jmw Litre 
at. \ \" to 18° ('. 

• 

on 

• * 

0*1007 

• 

• 

MgClj.flHjO . 

r 80 0 

700 0 

J 1150-0 „ 

"] IIII7-5 

* 1725 , 

k 2300 

5*8403 • 

* • 4 -555.1“ 

4 ■ 1.W7 

. 4 091V4. •• 

5 -3975 ’ 

*9 042 4 

Na,SO ,.1011,0*. 

• . . 

/ 137*7 * • 

\Saturated 14° 

• 

•*7-9428 * 

.9-578 

. * 

MgS0,.7H 2 0 . 

* • i 
. 

/ 105 -3 , ** 

\Saturated at 18° C. 

. 

0*2423 , 

• 7 3922 

• ,• 


* • # • 

Ferrogtopotassium carbonate, FcK jl (C0 3 ) 1 .4lI,0, mi^y be prepared 
by mixing, out 6f contact itith nir,«u con.cnAratcd s.lnHon of*ferroiw 
chloride with excess of potassium carbonate. At fiAt» white precipitate 
* of ferrous carbonate is formed, which soon dissolves to a j^eeniSh solution 
from which the double salt crystalline* Ih nearly whitifscalcs.l * 

* Ferric carbonate is too unstable to e\ist in the dry state. It* is 

e 

1 Le Chafcelicr, Compt. rtnd., l&tiS, 120, <523. • * 

* Jusf(B<*, 1907, 40, 3695) haa NtudidU the kinetic^of the autoxidatfona of ferrot* 

’hydrogen carbonate in water. * -* 

f Ehlort and Hemoel, fieiUch. Elektrochtm., 1912, 18, 727. 

* W. C. ReynoltKT’wfw. 0 fu&. 80c., 1898,73, 202. 
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• .» , 

produced when a ferric salt is«precipitated with sodium carborfate, but 
rapidly loses carbon dioxide, leaving a 'precipitate ponsisting mainly 
of ferric hydroxide. . . , • 

Complex Iron Carbonates.— Complex anjmonhim ir»n carbonates 
have been prepared in solution by adding excess <5f ammonium car¬ 
bonate to ferrous or ferric 4 salt s in aqueous solutions* Ferric ammonium 
farbonatc solution is blood-red in colour, and stable when kept in a 
closed vessel, but deposits fesric hydrokide op evaporation. Ferrous 
ammonium rarb’onajtc yields a,colourless solution, which, upon oxidation 
in a limited supply of air, yields doubly refracting green prisms of basic 
ferroso-ferrig ammoniumVarbrtifatc, NII 1 .C0. 1J I' , c.C0'.F<\C0. r F<f).2H 2 0. 
This, when treated with alkali hydroxides, yields magnetic ferroso-fcrric* 
oxide (sec p. 1M). 1 t . • 

A basic* carbonate is obtained'by grinding crystals of ferric chloride 
with a slight excess of crystallised sodium carbonate until no more 
carbon dioxide is* evolved. The now licyjid mixture is mixed with 
water, and the precipitate allowed to settle, and dried. The proportion 
of carbon dioxide present is liable to vary, as washing the precipitate 
induces hydrolysis. A substance of ’composition ^approximating terf 
7Fo a 0 3 .C0 2 .8lI 2 0 has been obtained. 2 * * 

Ferrous thlocarbonate, FeCS...— On nd’djng an alkali thioearbonatc 
to ferrous sulphate solution a red liquid is obtained, .which gradually , 
beeomej darker in colour on standing. 'The solution As believed to 
contain ferrous thioearbonatc (Her/.elius). * 


Ferrous qxythiocarbonate, Sco, is sometimes formed in 

X()/ 

natural waters in solution as the result of combination between ferrous 


sulphide and carbon dioxide. It has been detected in the waters of 
the Rljoiuv* , * 

Ferrous thioearbonate hexammoniate, Fo 2 CjS 7 .6NII s .2H s O, is pre¬ 
pared by warming a mixture of ferrous hydroxide, aqueous ammonia, 
adtf carbon disulphide. It yields black tetragonal prisms, with violet 
, iridescence. On exposure to air it ’decomposes with heat, ferric 
hydroxide resulting. 4 


IRON AND CYANOGEN. 


Ferrous cyanide is obtained 5 as a yellow powder tin heating hydogeff 
fcrrocyanidc. .II,Fo(CN) 6 t*in the absence of air to 300° C. Hydrogen 
cyanide is.evolved. It is iflso obtained on heating ammonium ferro- 
cyanlUe in the absence of air." Ferrous cyanide is stnbk’, in the absence 
of oxygen, but .even in cold aft- jt rapidly becomes wprm, and when 
gently heated it glows, .yielding ferric oxide. 7 . ^ 

«. The* constitution of ferrous cyanide is discussed by Browning, who 

suggests that it istrcidly an isocyanidc, fof, whffn warmed with potassium 

* § 

■ «' Hauser. Bn., 1805, 38 , 275i. 

«• Feist, ?4rrA. Pharnu, 1909, 247 , 439.* • 

9 Causae, Compt. rend., 1900, 131 , 947. 

4 Wiede add K. A. Hofmann, Zeitsch. anorg. Che^i., 1800, ix, 379. % 

8 Robiquet. (sec Dammed, Hnndbnch der anorganischqi 1 Chemie, 1893, III, 364) believed 
that forrouB cyanide resulted Vhen Prussia!# blue was reduced by hyd#t>g©n*sulphide. 
Hofmann {Agqalen, J907, 352 , 54) shows that this cannot be correct. • 

• Bonfelius, Ann. Cfiitn. Pht/s., 1820, (1), 15 , 228. ^ 

t 7 Browning^ Trans. Ckem^ Soc., 1900, 77 , 1234. 
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. • • * 

ethyl sulphate in* a current of hydrogen, it yields ethyl tsoeyanide. 
The formula for ferrous^yamdc is thus Fo(N(') 2 , rather than Fe(CN) 2 . 

Ferric cyanide is not known,•hut largismunhcrs of complex deriva¬ 
tives of both* ferroifs an4 ferric cyanides have been prepared in which 
the iron enters into the negative riftlicle. 'These itre .known as Jnro- 
mdferri-cyanitlfs respectively. , , • 

• • 4 

t’ONSTITUTIO* OK f'f’.miO- A*I> FrHJII-CVAJ.-IIIKS. 

• The constitution of hydrogen and alkJili ferrnevnijides has t|pr,muny 
years been a tnattfr of dispute. JiaSh tirnham and Erlcnmeyer 1 
believed that the cyanogen radicles were present in groups nl three, 
us in cyanuric acid, t' 3 N s (()H) t . so that the formula for hydrogen terro- # 
cyanide becomes * 

cn x N-nt 

N.' C- I-V e N. . 

. nr *s , n cn . 

• • 

Etard and Hcmont 2 and I*ricd«l 1 sunj'cstcd tlie cyclic formula : 

• * (Nil 

• * r 

• NC (’Nil 

Ke. | ! 

NC CNH 

• * Ct^t 

whilst Browning 1 writes hydrogen ferroeyanide as : — 

• e Nil 

N (’• i 


'C Nil. 

* * 

The results obtained for the osmotic pressings and electric t'on- 
ductivitics of aqueous solutions of ealeium and strontn^n ferroeyunidcs , 
(see pp 20N and 220) indicate that these molecules posscs%tln double 
formula. M,|Fe;CN). 1 | r On the other Imnd. tstra-.tljl rerrocynjude 
is known to have the single formula, (tjHs)U'c(l N),.' 

Each of the two latter graphical formula- as wnttejf above assumes 
that the iron and hvdrogen are attached <lir**tly*fo the nitrogen and 
not to the carbon atoms. 'Ijiis is supported, in so jar aftlu- hydrogen 
atoms arc eomjcrnj-d, by Freund’s« preparation of ethyl frrropjmmdc 
from silver ferrucyamde and ethyl iodide : « 

4AgH-(t’ 2 U(,),|F^CN),l. ^ 

The ester, on heating* <lccomV«scd * yfcldqjg TdTiyI uoeyanide, 

C. H NC. * • • 

2 As has already b«* mentioned,, hydrfigen feyoevanide, when- 

• * * '# 

•> Graham, Elements of Chemistry, 1842. I, 200; Fvlenmcycr, Lehrbuch der oryamKhtn 
Chemit, 1867. 148. 

2 Etard tmd Bemont, Cempt. 1884, 99 , 972, 1024. 

» Friaiel, *id., 1887, 104 , 994. » 

4 Browning, Tran*. Chun. Hoc., 1900, 77> 1234. 

*' Buchboct, Zeilsch. p9y*\kal. Chem., 1897, 23 , 157. 

* Freund Ber. t 1*8^1, 931 4 » 
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* > ■ - ‘ 

heated in the absence of air, yields ferrous cyanide, and if the woiyanide 
constitution be accepted for this salt, it may be inferred’that the same 
grouping, namely Fc(NC)$, occurs in hydrogen fcrrocyanide. 

To this extent, therefore, the two foregping formulae agree, but 
Browning suggests'that his formula is probably mbre nearly correct 
as it offers a more reedy explanation for the formptien of nitroprussides, 
etc., no rupture of a hexatomic ring being necessary. Thus, potassium 
nitroprusside becomes:— r «' ' , 

' « • , /CN - 

NC< 

, X NO 

IM \ CNK 


NC 


V\ 

\Ct> 


(JNK.. < 

Neither fiAmula, however, explains the fact that the potassium 
atoms are labile-, whilst the iron atom is not. Deniges* 1 overcomes this 
difficulty by the formyl it: - 



C:N— 

-C : NK 

j * 

V 

C:NK 

C:NK 


1 

C : N- 

-C : -N'K. 



In common with Browning’s formula, 'tins scheme admits of the 
ready formation v>f nitroprussides without disrupting a'ring. Further- • 
more, silicc the iron is not attached in the same way, as the potassium 
i|,toms, being linked to carbon insVcad of nitrogen, a difference in stability 
may reasonably be expected. 

The weakness of this formula lies in the fact that the only available 
evidence on the subject points to the conclusion that the iron is attached 
directly to nitrogen, and not to the carbon as here represented, ferrous 
cyanid^Jjaving the. isoeyaide structure.* 

According to Werner’s theory (see this series, Vol. X.), the formula: of 
hydrogen form- and forrr -yankle should be written fFc(CN) 6 ]II 4 and 
[Fe((kN<) e fIL, respectively, the six cyanogen groups being co-ordinated 
i with the iron gtom, and constituting tin: nucleus around which hover 
the replaceable^ hydrogen atoms. 

In 1911 Briggs 8 believed that he had succeeded in isolating two 
isomcrides of potassium fetrocyanide, 4 and suggested their representa¬ 
tion by the follftping stcrco-isonu rie schemes - 


K 


/, I / 

o-k/ _y X 

I. K " 


1, 2, 3, 4 position. 


Z_i/~ 

1, 2, 4, 6 position. 


1 Denig6s,«2JuU. Soc. ehim ., 1916, 20 , 79. * Browning, Joe. cit. 

* Briggs, Trans. Chen. Soc., 1911, 99 , 1019. Sea also p. $12. * 

* 4 In 1899 Looke and Edwfcids eoneluded^that potassium ferricyanid$ in two 
isomeric forma This has boon disputed; and the evidenoc is certainly even leas sub¬ 
stantial than in the cape of the ferrooyanide under discussion See Locke and Edwards, 
Amor. Chen. J., 1899, at, 193,413; Belluoci and Sabatjfui, Attt B. Lintt*, 1911, (5),. 


176. 


\.P, 
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although ft was not possible to deformity; which isomeride corresponded 
to each particular scheme. * 

Bennett., 1 however, dissented from this.vie.w. Hat ing prepared the 
two “ isomciidcs ”•according to the directions'given by Briggs and 
measured their angles, *e concluded that tHtav can he no doubt of their 
crystallographic identity. Briggs 1 * therefore rcinviystigiAed the problem, 
and showed that th» so-called p ferrocvatliite • arc in reality mixed 
crystals of forroeyaniih- airt*fw)uopcnti*evam>fcrrilo, K s fFe(CN),H,Ot 
(See p. 215.) , * . , 

• There still relnains, however, til** possibility; .‘t isomgrism of 
the inorganic fcrrTicyanides being ultimately discovered, comparable 
» with the undoubted isomerism manifested bv the tctrUmcthvl salt, 
(CH,) 4 Fe(CN) 6 A . • 

Now, Werner’s formula docs not mlmit of the possibility gf isomerism* 
of ferroeyanide* This is not the ease, however, with the formula' of 
Deniges,‘Browning, and of Jpard, several rcnrruugenfrnts being possible. 
According to 1<rieiltl*. 4 shelMheory three isonferides, namely, ortho, 
meta, and para, are possible. * Thus 


/ c ; K * 

• 

,0 \ N 

,(! 

• : 

N 

, 

KN C 

IvV 

1 ° 

KN 



c 

0 Fe-*lf 

1 1 

c 

Fe N K 

. 1 

i' 

1 

F 

1* 

NK 

1 

Ktl A • 

• 1 

KN 

l 

V 

KN 



• 1 

(’ 

C NK 

C 

'N 

r 


• 

NK * 

• 'N N : ('/ 


' V N •* V/ 

# 


' / 

■ t' 

K ‘ 


K ’ 


N ; 

< i 

1 , 2, or ortho salt. # 

1 . 

It. or nu*U Hiilt. 

l. i, 

or 

para naif. 

• 



• 



In an analogous 

manner three ismnerules ai 

■e. theoretical! 

y 

. possible 


foapotassium ferrieyuitide, KjFe({'N) e , in #hich the centra! iron ^ityni 
is trivalent. All of these cyclic schemes are ifi harmony With the 
isocyanie structure of ferrous cyanide. Tin t also sen*' to explain why. 
the potassium ions are unusable, whereas the iron atojn, found within 
the centre of the shell, constitutes purl (If the negatiiyyadiele. m 
When a solution of potassium fcrroeyanide reacts with rather 
•less* than one eiptivaUnt of a fcrftc salt, a blue jlVdruted precipi¬ 
tate of a-soluhle Prussian blue, or lerrfe potassium ferr-icyanide 
Fe‘"K[Fe"(CN),|, is obtained. Now. Ifofmatm pud Ins eo-workirs 5 
have shown that this precipitate is identical with that, j»rcpare{l*under 
precisely similar conditions by the addition of a ferrous salt to*potassuim 
fcrricyaiudg, although in Uiis case ferrous ^potas'smm ferrieyanide, 
Fe"K[Fe'"(CNt 9 j, might be expected. . It,is thcr^fj-* assumed t(jat 
• the latter salt is unstable, anfl, at the moment o# formation, undergoes 
* intramolecular rearrangement to the former complex. • • 

By adopting the sflell formula, .however, the atliflicul^y at 6nce 


1 Bennett, Tran*. Chan. Soc., 1017, in, 490. Itec also Piiitti, Bov,1912, 45, 1930; 
Hamer anif.Bies&lski. ibui, p. 35lA; Welt., Amtr. Chem. A, 1013, 49, 205. 

1 Bfig jujdTran*. Chan. Soc.. 1020, nf, 1020. •* 

* Hartley, Hid., 1913,103, 1190. 

1 Friend, ibid., lOtO.f 09, 715. 

5 HoMann and^o-jrarken^ednan/ea, 1904, 337 , 1. 
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disappears, for the two salts arg seen to he identical jvithout fetfrrange- 
ment. For example, 1,4 ferrocyanide resets with a ferric salt yielding 
2,8, 5 ferric 6 potassium 4/errocyanide, which is clearly the same as 
1,4 ferrous 6 potassium 2,8,5 ferricyanide obtainud by the action of 
a ferrous salt on potassium \, 2,4 ferricyanide.’ ,Thus :— 1 

KCt^ CNK • * * ’ t 

I 'I 

K«St I CNK . 

\J/ • 

ON • 

, -i 

1, 4 t'cnocyauide. # 


PeCl, 4- 


KeCl a + 


CNK 

^ \ 

KON *!N 

Ko*/ I ^ 

/ \ I 

CN 

\ / 

CNK 

2, 8, 5 forricyauido. 





, Prussian Biiie. 


Fmocyanidfs, M 4 [Fc(CN) 6 ]. ' 

The reactions of soluble lerroeyanidcs are in general typified by thos 
of the potassium salt, the properties of which are therefore discussednn 
detail (see p. 212). 

Hydrogen ferrocyanide, Ferro-cyanic acid, H 4 f,Fo(CN) 6 J, is con- 
venientfjfeprepared by adding concentrated aqueous hydrogen chloride 
solution to •'a saturated solution of potassium ferrocyanide, in the 
eo 41 ;- ( . 

I\ilFc(CN)„( -(-HICI =4Kl , l I H 4 |Fc(CN),)]. 

KB 

The precipitate,'dried in the absence of air, is dissolved in alcohol and 
re-precipitated a&fi white powder oil addition of ether .' i Vmt apparently 
combined with (two molecules olj, ether, which, however, evaporate*, 
away upon exposure t« uirJeaving the pure acid*as a residue. 3 

Ferrocyanio acid is also, obtained when a solution of insoluble 
Prussian blue yi hot,' concentrated hydrochloric acid is allowed to stand 
(see p. 227.). . < 

Tiydrogen ferrocyanide is soluble in water and possesses a strong 
acid reason. The solution decomposes *oij Boiling, evolving gaseous 
hydrogeb cyanufe/ and yididihg a white precipitate of ferrous cyanide. 
Thus.- 1 , * 

, , | H 4 [Fc(CN),]=4HCN+Fe(GN) ! . . 


1 These view have been vigorously attacked by E. E. Tumor, Tran*. Chem. 800 ., 
1918, 100 , 1130. .. * , * 

* l.iebig, Annaltn, 1853, 87 , lis? ; Joannis, -put. Chinl. Phys., 1882, (5), g 6 , 484. 

* Etard and B 6 mont, Compt. rend., 1884, 99 , 972, 1024. 

* Bor*eUue,*oeAtM<J 9 er’« «/., 1820, 30, 67 j Adie and Brov&ung, Trane. Chem, 80c., 

19^p, 77,1W. r V . » ' • • 
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Ujjon exposure to air hj'drogen ftrrocyanide absorbs oxygen, yielding 
hydrOgen cyanide ahd a /erriotsalt of th# original acid. Thus 

TH 1 lFe(CN),]+0 I -=24HCN-t-sH 1 04.F<^F.-(CN),] il . 

Heated in the absence oj 6ir to 300° l'., a \ fi\r y< lh»w powder (ferrous 
cyanide) is obtained,' hydrogen cyanide being evolyd.- 

The heat of ncutTajjsiition of ffrroeyanie'ueid with I lyolcculos of 
potassium hydroxide is . , # * 

H 4 l'e(( i!) 6 +- IKOII =*K 4 1'\ (t’N) # • ;ll a O i aTglOO calories 

• ‘ •* . • » , 
at 12° C. J The heat flf formation of fermevanfo acid from its elements 
U -122,000 calories. 4 * " * 

Aluminium ferrocyanide, A] 1 |fc(CN)„j. ) .i7lI,0, is formed when 
solutions of alum and potassium fc rfbc yamde are mixed in*the cold, 6 
the alum being (presumably) in excess *; iitherwise the dimbte aluminium 
ammonium salt is produced. . • 

Aluminium ammonium* fcrrocyanlUc, Al(Nll,)J-’e(t’N)„.+H t O, is 
lormcd as a jelly on mixing equivalent solutions of aluminium chloride 
ammonium l'eyoeyanide.'’ .The salt is dillieult to isolate, but is 
obtained as a precipitate In* eeirtrifngating at 3000 revolutions per 
minute. Tbe preeijiitate is pushed with acetone and ether and dried 
in vacuo. It resembles the potassium salt in appearance, being dark 
Ifreen and tran^i’rent m lumps, hut a light bluish green Ivhen powdered. 
At 100° l'. it becomes anhydrous mid nvsumcs a dee]) blue colour. 

Aluminium potassium ferrocyanide (si <■ p. g] sj. . 

Ammonium ferrocyanide, (NH,) 4 Fe(t'N) 4 .3ii,(), mav.be Obtained 
cithar by tilt* action of ammonium hydroxide upon Prussian blue, or by 
neutralising hydrogen ferrocyanide with ammonia. 7 On concentrating 
the solution over potassium hydroxide in a vacuum, the salt crystallises 
out in thin, greenish-yellow plates, or the salt may be*pi;cfipitatan) from 
solution with alcohol. 8 When heatid in thcabsenct of air, ahimouiuin 
ferrocyanide yields ferrous cyanide.' 1 The aqilfous solution of tjie salt.i» 
very unstable, being decomposed on merely warming, yu Idmg, uiflongst 
other products, ammonium cyanide." When bbilcd m contact with air, 
it. yields a dull green deposit of Ft ',Fc '(NH,)4Fe"(('X) (1 j,.8lf^(J. 10 

The double .suit with ammonium •ehloTi^e, (NIl,)jil'V(CN) B .NH^Cl. 
3H 2 0, is obtained as pale yellow or brown crystals by fooling warm, 
ir*cc<4 solutions of aamxgiium ferroey^mide and ajnnianium chloride 
in the presence of sodium cyanide or of ncctie'acid respectively.” Thf 
anhydrous salt has also been obtained. 8 * . # 

• . • 

0 1 Browning, TranstChnn SV., 1900, 77 , 1231. al*o Kamnielftberg, Po4jij.*AnnaUn 9 

1851, 38 , 304 ; 1851,^2, 111; Ktanl and Bonnet, Compt. nnd, 188* 99 , 972. 1024. 

1 See Robiqmt, Ann. Chiw IHty* 19. (1). 12 , 277 , 14fcwd ami liuniont, htr. rit>. ; 
Recraann and farms, *.1 attaint, 1800* 113 , 30 * Adie said 4Jro\\mng,#'/%4u*r. Cheftm 80 c./* 
1900, 77» 130- • * • • t 

# 8 Chretien and (iuinchant, Vow pi. And., 1903, 137 , 05. Comjturf'tJoanMiH, Cotnjd. 

rend., 1882, 94 , 725. \ • 

8 Berthelot, Thermochutne, II., 294. t • * 

• # Wyrouboff, /lun. Chun. PhyA, 1879, (5), 18 , 410. # 

• Robinson, Trans. Chew 80 c., 1909, 95 , 1353. ♦ 

7 Bunsen, Aw/. AnnaUn, J835, 46 ,%04 ; Biiggs, Trans. Ch<*n, AV., 1911. 99 , 1019. 

8 Etard#nd Bern out, Compt. renti., 1885, joo, 108. • • 

• • Berzelius, Xml Chun. Phyn., 1820, (1), 15 , 228. 

18 Williams, Proc. Chem. iSjic., 1013, 29 , 54. 

11 Briggs, Jot, eiU ~ w 
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Barium ferrocyanide, 1 Ba t Fe(Cflr),.0H a O > # is readilyprepared by 
boiling Prussian blue (see p. 2§5) with tbs requisite*quantity of barium 
hydroxide solution. It also results \vhen ferrous sulphate and barium 
cyanide solutions intbract. ’ , 

Upon concentration tHf salt crystallises iti monqclinie prisms. 
Cadmium ferrocyanide.—On .addition of potassiuiji ferrocyanide to 
solutions o^ cadmium salts, complex preeipitates'contaimng cadmium 
' and potassium in varying proportions ate obtained. 

The kepta-cf/nmonuite has been prepare^ ntrncly Cd a Fe(CN) 6 .7NIi 3 . a 
Giipiium ajnrdonium aitfl cadmium potassium ferto cyanides are 
known. 8 • «« • « • 

Csesiunt ferrocyanide, Cs 4 Fe(CN) 6 +(?)6H 2 0, has been prepared by 
neutralising hydrogen ferroeyanidcVith caesium hydroxide. 4 

Calcium ferrocyanide, Ca 2 Fe(CN) 0 .adI 2 O (where o:=ll, 5 or 12,°), 
may be obtained by boiling Prussian blue with the calculated quantity 
of milk of lime. 1 It i§ also formed when hydrogen cyanide, is passed 
into a suspension of lime and ferrous hydroxide in water. J'he salt 
crystallises in pale yellow triclinic prisms, which are more soluble in 
cold water than in hot. - 

The density of the salt is 1 08. At 500° C., in tile absence of air dT 
oxygen, it decomposes, yielding calcium oyanamide. Thus :— 

Ca a Fc(CN),=2CaCNj+Fc+N,+4C._ 

The osmotic pressures of solutions of calcium ferrodyanide in water 
( havc been determined for v.-Crious concentrations, 5 and the results 
indicates that the negative radicles are associated, yielding the double 
ion [Fe(CN), 

Calcium ammonium ferrocyanide, (NIl 4 ) a CaFc(CN)„ results on 
mixing cold concentrated solutions of calcium chloride and ammonium 
ferrodj^iuide, in jcquimoleeular proportions, washing the precipitate 
and drying in liir or at 100° It also results on boiling potassium 
calcium ferrocyanide (s«y>. 219) with water containing a large excess of 
ammonium chloride.’ ‘ 1 

One part qf the salt dissolves in 888 parts of water at 15° to 17° C. 
Cerium ammonium ferrocyanide, (NH 4 ).CcFc(CN)„ is obtained 8 on 
mixing, in tflc cold, concantratcd solutions of cerium chloride and 
ammonium fetrbcyariidc. » No description of the salt lias been given. 
Cerium potassium ferrocyanide (see p. 219). 1 v 

Cerium sodium'.'err^ryanlde (see p. 220).' 1 1 

* Cobalt ferrocyanide, Cu,Fe(t'N) 6 .7H a O," is obtained by neutralising 
the*free ficyl with cobalt hydroxide. It is less stably than the corre- 
gpondiivg nickel salt. It is ^reen in'colour; (ixivhsed by chlorine, 
water to ferricysnidc and by bromine water to hydrated cobaltic oxide. 10 

i 

w 1 Howe and Campbell,./. timer. Chan, Soc., 1898, 20 , 29. • 

8 Peters, Zeitsc\ant~g. Vhtm., 1912, 77 , 137.V 1 

' * See Miller |nd Falk, J. Arner. Chem. Sot.; 1904, 26 , 952; Miller and Fisher, ib&L 
. VJ00, 22 , 537 ; 1902. 24 , 228. * , 

t * Briggs, loc. til. ' » 

* Berkeley, Hartley, and Burton, Phil. Trans., 1908, A, 209 , 177 ; Berkeley, Hadley, 
and Stephenson, ibid., p. 319. 

* Joannia, Compt. rtnti., 1882, 94 , 725. < 

’ Brown, Trans. Chem. Sb* . 1907, 91 , 1§28. 

* Robinson, did., 1909, 95 . 1353. 

* Mfyiouboff, Ji thresher., 1878, 29 , 311. 

u Wemer, Zetiteh. anal. Chem., 1919, 58 , 23. 

'* « * 

■ i « 
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un boiling with .concentrated 'hydrochloric acid, the acid salt 
CoH,Fe(CN) # .4H,0, is ohtaincH. 1 

The tri-ammonwte, Co 2 Fc(CN) # J)NH 3 , hn,s bpen prepared.* 

Copper (cupric) ferrocyanide, Uu,lFc(('NU.-i Aq„ is obtained as a 
brown precipitate* by ,mixing solutions />f copper.sulphate and 
potassium ferrocyan^lej the former suit being prcsfpnl in excess.' An 
interesting experiment,consists in "preparing *in a gas jur « saturated 
solution of copper sulphate and jliluting some 50 per pent. A drop of* 
saturated potassium ferrocyanide solution is nowrinjrodbccd by means 
of,a pipette and rapidly sinks to the bottom of the jar. It <k>ej not 
mix with the eoppef Ailphate solution, ta>w its surface which came into 
Contact with the latter sohftmn is now cow-red with a thin aful invisible 
membrane of copper ferrocyanide. Alter lung al the bottom of the 
jar a little while, the drop will be sedt to inerease’slightly ii^bulk, and 
then rise up through the «‘opper sulphide solution to the top of the 
jar. This* is due to water passing through the eofiper ferrocyanide 
membrane and reducing the density <fl' the pofassimn ferrocyanide 
solution. 4 * 


Evidence has been obtained suggestive of the possible existence of 
the Irihydra/e, l'u 2 I-e(('X) s .3llj0. t • 

The salt is largely used in.fxpenmeidal work dealing with osmosis . 0 
The pores in a copper ferrocyanide membrane are exceedingly line, 
hanging from 4} ^o (it) pp in diameter, the average bfing from 15 to 
20 pp . 7 The osmotic aetioTi is not ^lue to a selective mccTianiea! 
1 filtration, blit to selective adsorption on the surface of the membrane. 
Hence such membranes as have the smallest pores and expose the 
greatest superlicial area are t he most cllick nt seimpermeal.le structures. 

Copper ferrocyanide may be obtained ill colloidal form of high 
chemical purity by, prolonged dialysis of the solution obtained by 
mixing equivalent solutions of sodium ferroejanide add coppcr^Ailoride 

* (or sulphate).* 1 

The molecular weiglJ of colloidal eop]#r ferrocyanide l,ias lneg 
calculated 8 as 700,000. . * * 

When boiled with concent rated nitric aeitl, a fcrroferrieyimide is 
obtained 18 of the composition ^ 

* Cii 7 |lH-'Fe"(C'Nl 12 | 2 OOM 2 0. 

* Wticll boiled witTi rdneentrated hydroelijoric eaeiif, the acid nail 
CuH 2 Fe(CN),.4lI 2 0, is obtained as a yeilpw, insohibh •substanceJ 1 

This, when digested with solutions of the chlorides oFthe ajkah medals, 

• • • ^ 

• • • * 

1 Williams, Prot.Vhem. Sot., 11)12, 28 . 317* 

8 Petere, Zriltck. anorg.Jihrm. *11)1^77. 137. 

* Namely, at leaaflive moU-cule**<>f e<)[ijK-r*uilphat* to«me of poauAidm ferriMyanids 

(ft MfiUer and co-workers, •/. j/rrdti. C'hrm., It) 12, 86, 82). “ 

* 4 Thiel, Ztilirh. gUitrochcm 1900, ft, 2211. 

* Tinker, Proc. Roy. Roc., Kn*. A, 93, 2DS. 

4 See Tinker, lot. til. ; IJeutner, J. Phynica^PHicm., 1913, 17. 344. • % 

’•Tinker, Proc, Roy. Roc., 10l6, A, 92, 357. By p ijj generally undenUiud 0-001 mm, 
and OT pp 0-000001 mm. , * 

* PappadmVWtacA. t'Aei*. ind, HoUoidr, 1911, 9, 131^ See also Duelanx, C’ompf, 

rend., impljSMU. • * 

* • Duels ux, J. dim. pRye» 1909, 7, 303. 

*» Williams, Proc. Chem. Mac., 1913, 29, 54. 

»• WUlUmSt ibid, 19f2,^, 317^. 

* , VOL. IX.: II- 
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liberates hydrochloric acid, yielding' alkali cdprifepocyanidea Pius, 
for example, with potassium chloride :—° ,, 

CuIl 2 Ko(CN),-f 2KC1 =CuK 2 Fc(CN) 6 +2HC1. 

With sodium c^lilr/ridc solution in the cold holy half the hydrogen is 
replaced, thus :— r ' _ 

. • CuHjFe(CN)Vl-NaCl=CuNaIIFc(CN),+ HCI. 

This latter salt*, when* digested with potassiuriV or ammonium chloride, 
yields C'uNaKl'V(( S')„ or CuNftNII 4 Fe(CN), respectively. 

The acid salt ('uII 2 Fc(CN )4 thus behaves as it dibasic acid, namely 
cupriferrocflanie acid, and gives rise to a delirtitc series of salts known a% 
cupriJ'errocijaniiles, which are discussed on p. 211. 

" Cupmferrticyuiiides, M 2 Cu 2 Fc(CN) 6 . 

Ammonium cupnoterrocy ankle, (NII^ 2 Cu 2 ^e(.CN) 6 , results 1 when 
cuprous cyanide is boiled with a solution of ammonium ferrocyanide 
containing ammonium sulphite, and hydrogen passed through the 
mixture. It. may also be obtained by double decomposition of th^ 
sodium salt with ammonium nitrate. It crystallises in small, colourless 
six-sided prisms, which readily decompose both under water and on 
mere exposure to air or in a vacuum. , r 

Barium cuproferrocyanide , 1 Ba('u 2 Fc(CN)„ and calcium cuproferro¬ 
cyanide,' CaC’u.,Fc(CN) # , are obtained by boiling copper cyanide with 
the corresponding ferroeyanidcs. They crystallise in colourless, hexa¬ 
gonal prisms'which cannot be distinguished from one another. 

Lithium cuproferrocyanide,” Li 2 l’ii 2 Fc(CN) 6 , is obtained by boiling 
cuprous evatiide with a solution of lithium ferrocyanide containing 
lithium sulphite, hydrogen gas being simultaneously bubbled through 
the solution. It: crystallises in colourless, hexagonal prisms. 

Magnesium cuproferrocyanide, MgCu 2 Fc(CN) 6 , results 1 on boiling 
cuprous Cyanide wit li a solid ion of magnesium ferrocyanide. It or) stal- 
lises in colourless, hexagonal prisms which, however, arc unstable, 
turning h*">wn on keeping. 

Potassium cuproferrocyanide, K,Cu 2 Fe(('N) 8 , is prepared 1 by boiling 
cuprous cyanide with a sMution'dif potassium ferrocyanide containing 
a little potassium sulphite ; or by boiling cuprous chloride or potassium 
cuprous cyanide with pidassium ferrocyanide solution. When rapidly 
cooled, the solution yields colourless cubes, but the crystals are liable to 
undergo par*ial oxidation, turning yellow or brown in colour. 

_ Sodium cuproferrocyanide- Na 2 Cu 2 Fc(CN),, results 1 on adding a 
cold, saturated solution of sodium copper cyanide to h hot solution of 
sodium ferrocyanide ; or by boiling a solution of sodium ferrocyanide 
with cuprous efanide ih the presence of a little sodium sulphite, and 
cooling i-n hi? atmosphere of hydrogen. It crystallises in minute. 

< colourless hexagonal prisms, which arc conveniently dried over sulphuric 
acid in if vacuum. ' ■■ 

• It retains 27 -5 per rent; of water. In air it slowly oxidises, turting 
brown. It is insoluble in water, aleohol,»aiid etjier. * 

‘ strontium cuproferrocyanide, .’Srt'u 2 Fe(CN) 6 , is obtained 1 in i 
similar uiAmer.to the barium salt, which it closely resembles. 

1 MeMnar^iirilftA. anorp. Chtm., 1895, 8 , 308. '■ * Mewier. i6id., V 8 #Cs 9 ,129. 
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Cupriffrrticganides, M,CuFe(CN),. 

Ammonium cupriferrocyanide*, (NH 4 )X'uI>(('>.') 6 . is prepared 1 by 
boiling a mixed solution <jf euprie and arhnponiun. ferrocyanides. It 
crystallises in brownish *cd cubes, and is best dried in a vacuum over 
sulphuric acid. ThctfoUowing foun salts are pbtuiiftd in an analogous 
manner:— • • • ■ 

Barium cupriferrocysyiide*, 1 1iaCuFe((*N ) 6 , and calciym cupriferro¬ 
cyanide, 1 CaCuKe(CN) c , yield small, brown, quadratic prisms. 

•Lithium cupriferrocyanide, 2 Li 2 CuFc(tT<) 6 , crystallises in mf plates 
or brownish red needles. . ** , 

• Magnesium cupriferrocyanide, 1 Mgt'uFe(CN),. separates in violet- 
brown crystals, containing 14*‘l to It* per cent, of,water. 

Potassium cupriferrocyanide, K,f'uFe(('N) 6 , results 2 «n boiling 
cuprous eyaftide vfith an excess of potassium ferricyaiydc solution 

2CttCN+ fK 3 Fe(I'N) 6 ~*K < t'uFe(Cr?) i +‘2K 4 I ,, e(CN) > -f (CN)„ 

S-yid by digesting eupriferroeyanic*aeid with potassium chloride solution. 3 
It. crystallises in brownish red,*quadratic prisms. 

Potassium ferrous cupitfferrocyanlde, Iv 2 Fe 2 ('u| Fe(CN) 0 J 2 .—Pro¬ 
bably this is the Jieautiiul violet compound 1 obtained when a solution 
of a cupric salt**ets on ferrouj potassium ferroeyanide, t\,IV| FcfFN),]. 

Sodium cupriferrocyanide, Na 2 CuFj(('N) 0 . is prepared by boiling 
solutions of euprie salts and sodium ferroeyanide, and by boiling cupric* 
ferroeyanide with sodium ferroeyanide and. after filtering,•allowing the 
deal*solution to evaporate in air. 1 It yields lustrous brown crystals, 
insoluble in cold water, but decomposed when boiled with water, dilute 
acids, or alkalies. . , 

Strontium.cupriferrocyanide, SrCuFe(C’N) 6 , is obtained in iwsimilar 
manner to the calcium salt, which it closely resembles. x 

' • 

When a copper sulphate solution is added t<j excess potassium ferro- 
cyanide, a mixture of di-potassium cupric and di-potassium Jricupric. 
ferrocyanides is produced, namely KjCuFofCN), and K 2 t'u 3 |Fc(CN2,] 2 
respectively. * * # * * 

# If ctiprous chloride is substituted by cupric sulphate, 1 »then different 
cuprods potassium ferrocytdiides are obtained according t<*eireumstanees, 
namely K 2 Cu' 2 [Fe(t'N , )„]; KCu'l'u",|Fe((.’N^e]j; and KCir 3 |Fc(CN) 6 f 
The last of thcsids obtained, when cuprous chloride is in n/rcflt cxjjpss, 
»as a white precipitate. ’ . , 

Ferrous ferroeyanide (see p. 227). * • • 

Lead ferflicyanide, 3 obtained by precipitation with potassium 
ferroeyanide, always contains swiie iff t his‘hitler jglt* from which if 
yannot be freed by washing. • , , • 

Lithium ferroeyanide,*Li 1 Fe(CN) 6 . < Jlij,0, yields deliquescent mono 
clinic crystals. , • • • * 

Magnesium ferroeyanide, Mg 2 Fc(l'N),-f»Aq., may be pjepared as 

• • 

• • • j 

• 1 ©sutler, ZeiUch. arwrg. Che ^., \89fi, 8, 3W. 

2 Me#sner, ibiiL, 1895,9 , 126. 

* Williams, PJx i. Chem. Sot., 1912,*8. 317. 

• * Milln aadJHshn, A Amer. Chem. Soc., I960, 22 , 537. 
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pale yellow needles, in similaa ways to the calcium, salt. Tfe amount 
of water is uncertain, being of the order of 10 1 t>r 12 ! molecules. 

Magnesium ammonium ferrocyanide, Mg(NH 4 ).Fe(CN)„, i$ obtained 3 
by mixing concentrated solutions of magnesium chloride and ammonium 
ferrocyanide in equivalent* proportions. The anhydrous salt separates 
out as small white crystals which, remain unaltered at. 120° C. A 
.saturated solution of the salt contains 248 grams per litre. 

Magnesium potassium ferrocyanide (set p v 211 >). 

Manganese fercocyanide, Mn,Fe(CN)„ is a white substance, which 
is turned greerf by chlorine Stater and oxidised to brown ferrieyanide 
by bromine water . 4 • • ■ * " 

On boiling with concentrated, hydrochloric acid, the acid salt, 
MnH 2 Fe(CN) a .5II 2 0, t is obtained. 6 , • 

The <lis'immoniate , Mn 2 Fe(C>f) 0 .2NII 3 , has been prepared , 6 
Mercuric' ferrocyanide, IIg,Fe(CN )„ 7 is whito in appearance. 
Chlorine water turns, it green, pnd brominp water brown. ‘ 

• I I 

Bauble Salts with Mercuric Cyanide. 

A series of stable salts has been prepared 8 containing mercuric 
cyanide associated with the ferroeyaniik molecule. The first to be 
discovered wa^ the potassium salt, K 4 Fe(CN) 6 .8Hg(CN) 2 .4H 2 0, by 
Kane, 7 , which is readily obtained by ajlowing a mixtd solution of 
potassium ferrocyanide and mercuric cyanide to' evaporate. Other 

'salts in this scries are those of 

• 

Ammonium, 5 (NlI 4 ) 4 Fe(CN),. 0 lIg(CN) 2 . 2 H 2 O; 

Caesium, 11 Cs 4 Fe(CN),.8Hg(CN), ; and 
Rubidium, 6 Hb 4 Fe(CN),.8Hg(CN) 2 .4lI 2 0. 

NicUfel^ ferrocyanide, Ni 2 Fe(CN) 6 .Aq ., 10 is bluish gracn in colour, 
stable towards chlorine waiter, but oxidised to brown ferrieyanide with 
6 rfrtni#e‘water . 4 ., * , «, 

On boiling with concentrated hydrochloric acid, the acid salt, 
NiH 2 Fe(CN ) 6 «II 2 0, is obtained . 6 

The following ammrmiatcs have been prepared : namely, Ni 2 Fe(CN),. 
Shfh,. 4H 2 0, u *t4fid Ni 2 Fe(GN),.7NH s . 6 

Potassium. ferrocyanide, K 4 fY(CN) e .8H 2 0, is the most important 
salt of ferrocyanie arid, and is known in eomrfteret? by the more fdmilfar 
name of yellow pnmiate potash. 11 It results when a solution of 

‘Itettp, Annalen, 183(>, 22 , 162; 1830 , 23 , 115 . • 1 

* 1 Coleman, aeo Roscoe anti Sehortfmmer, A Treatise on Ckemislrn, vol. ii. (Macmillan * 

A Co.), 1007, j». lift. *' 

• lUbinson. \ran*. Chm. Soc... 1909,95, 1353. # * •’ 

* 4 P. F. Werner, *Zeitsch. aflal t’hcm KUO, 5 $ 23. 

« * Williams, Prod CKkm. Soc., 1912, 28 , 317. # 

• Peterll ZeitSch. anorg. Cfem., 1912, 77 , 137. 

• 7 Kane, J. praktt Chon., 1840, 19 ,,406. 

* * Williams, Proc. Chon. Soc., 1912,58/317 ; Strorr\holm, Zeitsch. anoity. Chen., 1913. 

*4» 208* * J 

• Strtjmholm, Zeitsch. anorg. Chetn., 1914, 90 , 370. 

l * Wyrouboff, Jahrcsbtr., 1870, 29 , 311. % * «* 

11 Baynoso, ibid., 1850, p. 358 ; (Jintl, 1868, p. 305. • * 

l * This Alt ha* been studied by Bunsen, Pogg. Annalo^ 1836, 36 , 404; Wyrouboflf,’ 
ACmm. Pkgs., i860, (4), 16 , 293; Dufet, CompL rtni., i 895,' 120 , 377; Briggs, 

* JVojm. Ch*m#&oc. t 1911, 90 ,1019. 4 ** 

* Jr m 
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potassium ^cyanide is added in excess to one of a ferrous salt, so that 
the precipitate Aral formed completely* redissolves. It may also be 
prepared by allowing iron to dissojve in an air-free solution of potassium 
cyanide:— _ • * * * 

6KCN -fFe - j.‘2ll 2 0 = K, [ !- 2KOH -i JI 8 , 

and by the action of jio^assium hydfoxide solution on ferrous cyanide : — 
HFeJCN).^ lK0H«=K,Fc(eN),-f-2Fc(01ty. 

• The old commercial method of prewiring the ‘salt lay in Jteating 
nitrogenous material* such as horn, wm), feathers, blood, etc.,'with 
•potash and iron turnings.* The mass was ultimately heated to fusion 
to complete the reaction, unoled, and extracted with boiling water. 
The solution contained potassium fcifocyanide, tlftocvanal e, # carlinnate, 
and sulphide. The first-named was crystallised out, but the yield was 
seldom mtire than ‘20 per cent, of the quantity theoretically obtainable 
from the nitrogen content of the organif ma1erial*consumcd. 

The chemistry of the reactions involved has been made the subject 
".^if considerable study. 1 . 

Another mothotl 2 consist* in passing the vapour of triroethylamine 
into a retort at red heat. t *The resulting products arc passed into 
sulphuric acid, whereby ammonium cyanide is converted into hydrogen 
'cyanide, winds*s now absorbed in potash to yield the corresponding 
cyanide. Ferrom* hydroxide* prepared by addition of milk oPlimc to 
a solution of ferrous chloride, is added to the cyanide solution, and tin; 
liquid, after filtering, deposits a relatively pure crop.of potassium 
feraoeyanide. 

Alkali thiocyanates may be made the starting-point for the pre¬ 
paration of ferrocjjanidcs. The potassium salt is mixed with twice 
the weight of iron filings necessary to form ferrous sulphide, jjnd with 
double the quantity of ferrous hydroxide', in a freshly precipitated 
condition, to form ferroeyanide. The mixture is maintained for some 
twelve hours under agitation jn a closed vessel %t 110° to t20° C. 
Potassium ferroeyanide is formed, together*with Prussian blue, and 
extracted from the residue with water. 3 # * 

From 1885 to 1895 potassium fcsroeylnide was rrgiqufactored wery 
largely from spent oxide of iron, used in purifying coal gas from hydrogen 
gttlphide. Coal gas^as it leaves the retorts, contains hydrogen cyanide, 
formed by the action of ammonia on red-hot*arbfti. Thus :— 

. , nh*+c=hc:n+ii 2 . ’ . 0 

* The hydrogen cyanide yields amijtoflia again in contact wifh heated 
water vapoitf:— . • . * 

HCNfHjO =yNII 3 -f»CC^ . •• •. . 

• • | 

•the ammonia uniting with the free acid to form ammdnyim cyanide.* 
The relative proportions of ammonia and*cyanid<i in coal gas thus, 
vary with the conditions., • * * • 

VThe oxide of iron employed in gas works is the hydjated ferric 

1 See iiebtf, Annaien, 1*841, 3 | 6 , 20; R^Hoffniann, ifaS., 1860, < 13 ,81; Ewan, article 
on “ Cyanidea," dictionary of Applied CKemislry, Thorpe (Longmans, 1912), 

" „ » Willm, BuU. 80 c. Mnf, 1884, 41 ,449.13 1 * ** . 

» StomiMg, DintWPefl. J., 1|85, 357 , 539. 
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compound. It absorbs the hydrogin sulphide in tjre coal gas? yielding 
fcirous and ferric sulphides; the ammonium cyanide, also present in 
the gas, reacts with thp iron compounds, forming ferrocyanide and, 
ultimately, Prussian’blue. * The last-named was cfrequently' converted 
into calcium ferrocyanide!^ by intimate admixture with lime, and dis¬ 
solved in cold wilder. Potassium chloride solution .was. next added, 
whereby the potassium calcium ‘ ferroeyanifje, K,QaFe(CN)„ was 
'precipitate*!, to be converted into pofeistium ferrocyanide by boiling 
with potassium carbonate. . f • 

Wet methtyls ‘are now largely employed for the'preparation .of 
potassium ferioeyanide. from poal gas, and, whi'i^, several have been 
patented and found to work well, it will suffice, for present purposes, 
to mention one method only. , 

The erjtde coal gi» is washed riith ferrous sulphate solution, whereby 
the latter is converted into a suspension of ferrous sulpjiide iij ammonium 
sulphate solution! Tips reacts with the ammonium cyanide, yielding 
ferrous ferrocyanide,' , Fo 2 fFe(CN) 0 ], or amlnoniurn, ferrous ferrocyanide, 
(NH 4 ) 2 Fe[Fc(CN)„|, according to, eirbumstanccs. Potassium feiTo- 
cyanidc may be obtained from these by treatment with lime, as ip^ 
the spent oxide process. By repeatedly •dissolving in water and pre¬ 
cipitating with alcohol, the salt can be obtained in a very pure state. 1 

What appeared to be two forms of the salt, designated as 
a and j8 respectively, were prepared by Briggs. 2 Tijie former was' 
obtained from the pure commercial salt by dissolving it in water with 
,1 per cent, of its weight of potassium cyanide. After twenty-four 1 
hours alcoho] was added, and a white crystalline precipitate of the 
a salt obtained. Upon reerystallisation, if the crystals were Urge, 
they were lemon-yellow in colour, but otherwise quite white ; density 
at 20° C. 1 At 20° C. 100 grams of saturated solution contained 

250 grains of th» a trihydrated salt, K.,|Fe(CN) 9 |.3lf 2 0. The j8 salt 
was obtained b’y dissolving the pure commercial salt in water with 
l per cent, of its wcighUof dilute acetic ae,id (1 part acid, 10 parts 
water)! ahd allowiifg to stand in tin; absence of air. After twenty-four 
hours the addition of alcohol yielded a cream-coloured precipitate. 
Upon rewystajlisntion orange-coloured crystals were obtained, of more 
itltanse colour,tjian the a s.llt ; pf slightly less density, namely 1 882 
at 20° C., and rather les$ soluble in water, 100 grams of saturated 
solution at 20’/'. containing 24 <3 grams of tip? salt. , * 

Solutions of theV sa/t. upon prolonged standing, are •'onverted into 
the /3 variety, a process I hart: is hastened,by the addition of 1 per cent, 
of noetic‘awd. Cyanides, alkalies, amj ammonia, induct the reverse 
tpansfortnation. • * * 

Bennett, 3 hflwever, liaving ‘prepared # these two “ isomerides ” 
Qccor^ing to ,tfce directions given by Briggs, and measurctf their angles, 
concluded that fyic.two forms are identical erystallographieally. He 
drew atts.'.tiop to the fact that the nlorc intense colour of the /5 salt? 

• rriight easily arise from slight ^composition induced by its acid method 
of preparation ; in support of this,*it is significant that the most striking 
di fference of colour occurs* in the ammonium salt, whiph is the most 
« • f 

, 1 Mecklenburg, Zeitsch. anfrg. Chem., 19^, 67 , 325. # • 

8 Brigga^Joc. cit. See also p. 204. t 

8 Bet.nefcf! Trdfis. Chcm. Sor. , 1917, in, 490. 8 ee alsolPiutti, Ber., 1912, 45 , 1830; 
^lauaer and Biesalaki/i&wf., p. 3516 ; Wells, Amer. Chfnu J., V913) 49 , 205, * « 
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unstable uf all, its aqueous solution being decomposed on simply warn 
ing. "The differences intensity and solbbilitv are too slight to be ver 
definite evidence cither way. Again, Kolthoff 1 found no difference i 
the physical _ properties of solutions of a* ard [i ferrocyanide, excep 
their colour. . • • , 

Briggs * .thesefore reinvestigated Jhe matter, and Showed that th 
supposed isomyridc t>rj3 variety consists of mixed crystals of polassjun 
ferrocyanide and aquopcntaciganofcrrite, K J |Fc(CN) s H I 0],*the amoun 
of the latter being too Ytnpll to detect *by qualitati\’e«analysis. Sine 
tfie /S salt is formed-when the a variety is repeatedly recrystallised fron 
water, it is eonchuk'd that the compounds are. in aqileous solufioft, in t 
, state of equilibrium, I bus* - . 

H 2 0+K,[Fe(CN) 8 ] - -k,lFc(CN) s .Il s OJ f ICCN. 

% * 

It mujt not be overlooked, however, that isomerisdi has beet 
definitely discovered 3 in the ease of tetramijhyl ferrocyanide 
(CH,)jFe(CN) ( , and, ij is akvays possible that'isonu rides of inorganii 
salts of ferrocyanie acid may be capable of existence. 

<v, Potassium ferrocyanide crystallises with three molecules of water 
*whieh are completely expelled’ut 110 leaving the anhydrous sal 
in the form of a white powder. Crystals of potassium ferrocyanide 
in common with the few’other hydrated crystals which have heel 
•' examined, ar*-j* rmeablc to water vapour. This has be; n demonstrated 
by cementing crystals with Wax into the necks of small flasks cwntaininj 
1 phosphorus pentoxide, and noting any Alteration in weight after exjiosun 
to moist air. An increase was observed, which was slow but steaefj 
angl continuous. It is not suggested that, tin- crystals* arc porous ii 
the ordinary mechanical sense in which, for example, unglazed earthen 
ware is porous. Bather is it bclievid that the layers of the erysla 
inside the Husk give up their moisture to the dry air in contact witl 
the phosphtmis pentoxide ; these dehydrated layers tal^e*lip watei 
from the next layers, ajid so on, until thejayers are reached in direct 
coiftact with the moist air. The net result is I Inis t hat the wwtg-r pftsSei 
through the crystal from the Act to the dry .atmosphere. 

The crystals of potassium ferrocyanide are tough*aml jJillieult tc 
powder. They, are lion-poisonous, but art as an apcrhnt.. When tbi 
dry anhydrous salt is healed to incipient fusion in afvncuiim no gas ii 
evolved, potassiung cyanide and fergous potassium forroeyanide heiuj 
produced 6 * , • * 

2K 4 Fe(CN) # =F(*K,Fc(CHI) 6 ^-6KCN. • , 

At red heat thdlatter salt is further decomposed, evolvingd'ree cyamogen 
* Thus* * * 

. FeK 4 Fe(CNV=2FH-2KCNV2C 2 N/* 

• * • 

.This is a convenient method *f prtfparinjf pdlassiuiTi«cylbiide, fflthowgh 
• wasteful in so far as the nitrogen is concerned, in thflt onej^hird ofdhis 
element is lost as cyanifgtn. • , , 

. The solubility of potassium fe»r<A‘yunide in water has been dutcr- 

k • 

* 1 Kolthoff, Cher%. Weekblad, 1910, 16 , 1406. 

2 Brigtfs, Trdfns. Chetn. Sor., 1920, iw, 1026. 

3 Hartley, ibid., 1913, 103 , 1196. 

* * Baktfc and Adlam, ibid., 1911, 99 , 607. • % 

6 JStaJd and JJemont, Compt. rend., 1886, lOOf 108. 
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mined by a number of investigators, but. the results .do not Hbitnpnise, 1 
The only reliable figures appear to be those of Briggs,' quoted 
above; of Harkins and ^earee, 3 nanjely, that at 25° C. 100 grams of 
water dissolve 24-79fl'grams of K 4 Fe(CN) e ; and of Grube.J that one litre 
of saturated solution at 25 < .C. contains 819 4 jljrjros of K t Fe(CN),.8H 8 0. 
The solubility ifc increased by the presence of sodium ferrocyanide-. 

.The density of potassium ferrooyfinide solution at 8-!f° C„ saturated 
ond in contact with crystals of the salt, i,s.M191, r ’ and at 25° C. 1 09081. 8 
The contractions Resulting when given volumes (h potassium ferrocyanide 
solutions are mbcctf with cqu*l volumes of water have been measurad 
by Wacfo. 7 ‘ < <, * 

Solution* of potassium ferrocyanide arc “gradually decomposed by, 
light, ferric; hydroxide being precipitated. 8 Addition of an alkali 
1 sulphide to a fresh solution of theA’rroeyanide effects the gradual preci¬ 
pitation of* ferrous sulphide in sunlight 9 but not in f the dark. The 
reason appears 10 to be jts follows :— 

1. Potassium fcmjcyanide ‘dissociates 8 normally in solution into 
potassium and ferroeynnogen ions - u 1 

K 4 Fc(CN) 9 ^r4K- ; pFe^CN) 8 "". , < 

2. Under the influence of light the fvrroeyanogen ion dissociates 
thus:— 

. Fc(CN),""-^Fc’' <16CN'. V 

, • 

This reaction is reversible, proceeding from right to left in the dark, 
kt is these iron ions which are precipitated as ferrous sulphide, in the 
presence “of an alkali sulphide, or as ferric hydroxide in ueiitral ( or 
alkaline solution by the action of atmospheric oxygen. 

Upon prolonged exposure to light, a solution of potassium ferro¬ 
cyanide deposits Prussian blue (sec p. 225), whilst oh continued boiling 
ammoniiwis evolved. With ferrous salts it yields an immediate white 
precipitate''of ferrous potassium ferrocyanide, K,Fc[Fe(CN),], which 
readily absorbs oxygen, becoming blue. The presence of dilute hydro¬ 
chloric br sulphuric acid,.or the employment of excess of the ferrous 
• salt, acceleruteS the formation of the blue colour, and the reaction is 
exceedingly delicate. 13 , 

With ferric salts Prussian blue (See p. 225) is obtained,'but the reaction 
is a time-rcuctign, and is retarded by the presence both of aeieffe and 
salts. In very tfiluty solution no colour may be produced, or only an 
indefinite green after sevt-raj hours, 13 although the blue colour may be 

I Wallace* T^ans. Chcm. Sor., 1855, 7 , 80; E^ard, Ann. Chfim. Phys., 1894, [7], 2 , 

526; Sohifl, Annalen, 1860, 113 , 350; «Michel and Kraflt, Ann. Cftim. Phys ., 1858, [3], 
41 ? 478. n ‘ 

* Briggs, loc. cit. • * • « 

• Haitins anfittearce, J. Ayer, f hem. Sjpc., 1910, $ 8 , 2714. 

v< Grube, 1914. 'Akei^from Seidell, Solubilities (Crosby Lookwood, 1920). • 

4 Sonata^., Tram. Chem. 80 c., 1906, 89 , 343. * 

• Harkins and Fearce, loc. ck. , * 

** Wade,,7Ya»w. Clfetn. Soc. t 1899, 75 * 854 

* Mntusohek, Chem. Zeit., 1901, 25 , 565. * * M 

*• See Bertbelot, Ann. Chitn. Ph$s., 1900, (7), 21 , 204. He does not mention that light 

is necessary to effect thiB desomposition. 1 , , 

w Haber, Zeitsch. Elektrocherhi, 1905, 10 , 84J; Foster, Trans. Chem. Soc+ 1901, 89 , 912. 

II Contrast.Jones and Baaaett, Amer. Chem. J., 1905, 34 , 290. « 

14 VoriloOTf, Bert, 1913, 46 , 181. 

“ Vorl&nder, loc. cit'. 
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produced *by the addition of concentrated solutions of many salts to 
the dilute solutions of the r&gents. Probably the explanation lies in 
the precipitation by the salts of .Prussian Jaluv, which is first formed in 
colo.urless colloidal form.* , 

Carbon dioxide decomposes potassium ferroeyatyde solution at 
72° to 74°-C., •libejating hydrogen Cyanide aud»preeipitating ferrous 
potassium ferooeyanidc. 2 Continued passagf of carbon diojiidc through 
a boiling solution of potassium icrrocynpide results ip the precipitatioft 
of ferric hydt;ojflde aim the formation of potassiurft carbonate and 
hydrogen cyanide,' < or its decomposition produqfs, ammemiy and 
formaldehyde. 8 ' * • • • 

> When potassium ferrocyanide i$ heated with concentrated sulphuric 
acfd, carbon monoxide is evolved. This reaction has been known for # 
many years,* but it was not. until 19lV) that the reaction waj thoroughly 
investigated. 5 • • 

Concentrated sulphuric acid dissolves dry anhydrous potassium 
ferrocyanide, yieldhi* potassium hydrogen sulphate and hydrogen 
ferrocyanide :—- . 

K 4 Pe(CN) 0 +4H,SO 4 =4KIlSO 1 #.ll 4 Fe(CN) 6 . 

This solution is decomposed on warming, carbon monoxide being 
evolved, altkpf|gli even at 200° C. the rale of evolution is slow. 

If a little waicr is present, carbon monoxide is readily Mimed on 
warming, the best, result being attaTned with acid of concent]ntmn 
corresponding to If 2 S0 4 .2lI 2 0, when dry anhydrous potassium ferro- 
eynnide is employed ; the reaction is then complete at fso" C. 

K^Ve(CN) fl H8(H s S() 4 .2lI 2 0) 

* =1KHS0 4 t FeSO, 1-■3(N1I 4 )jS(] 1 -|- CCO +10*1,0. 

* * ,* 

This is a very convenient method of preparing pure carbon monoxide. 

•When heated with dilute sulphuric acid hydrogen cyanidejs^volved, 
and Everitt’s salt remains behind 7 

2K 1 [Fe(CN),]+3H 2 S0 4 -SK 1! S0 4 -fK 2 Fc-[Fe-(CIi) 6 ]+HHCN 

• ^ (Kveritt’s • 

its Aqueous solution ugon saturation with chlorine darkens in colour, 
and upon concentration yields potassium fcrrUymnMe, K 3 [Fe "(CN),] 

2lJ 4 [Fe-(CN),]d-Cl 2 ^2KCl+2K 3 fFe"(CN) i ].. 

• ’ . • 

Potassium ferrocyanide is similarly oxidised by potassium brom&te 

in acid solution; thus* * • m 

•. 6K 4 Fe(CN),+KBr0 3 *+6HCl =6k 3 Fe{CN)*+KBr5- 6KC1 + 8H,0/ 

• 

1 Kato, Man. Col. Sci. Enf. Kyoto, 1«08 I. 952. 

- * Autenrieth, Arch. Pharm. f 1893, 231 , 09. 

M&tuschek, Chcm. Zeit., 1901, 25 , 8J5. See alio Autenrieth, Chcm.JZtii., 1898, * 22 , 
886 ; Kvrzt AnUitung zur Auffinduwyder Oifte, 1892, p. 2; Gjgli, Ckem. Zeil„ 1898, M, 775. 

* Dofberriper, Schteeigger's f., 1820, 28 , 107 ; Fowij^b, Phil. Mag., 1844, (3), 24 * 2^. 

* AcHe and Bjrowning, Trans. Chem. Soc., 1900, 77 , 150. 

* Adle fund Browning, fdc. cit. * 

’ Kv'titt, PUL UntJim, (J), 6 ,97. 

• 
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the reaction being quantitative undef certain Veil-defined conditions. 1 
It probably takes place in three stages, namely :— 

(1) 2KBr0 3 4-12HC1 =2KX11+Br 2 4- 50^-f6H s O. • 

(3) 2K 4 Fe(CN) 6 +Br.=2KBr+2K 3 Fe(CfJ) e .. • 
(3)M0K,Fe(C^) 8 -f5Q 2 = 10KCl + lUK 3 Fe(CN) 6 . 

* . • 

, With potassium permanganate oxidation to* ferricyanide proceeds 
quantitatively iji -acid solution, the rcbtdion jffordiqg a useful volu¬ 
metric method of estimating fcrrocyanidcs ff carried out under certain 
well-deffhcd conflitions. 2 . f * 

Mixed solutions of potassiuln ferrocyanide and p-nitroso dimethyl 
aniline arc at first yellow in colour,-but become green very rapidly,on* 
. exposure to light, due, perhaps, t<%thc production of colloidal Prussian 
blue under *he inllucncc of a catalyst generated by the nitroso compound. 3 

Solutions of pgtassium ferrocyanide arc calalytictilly dbcomposed 
when boiled with cupyihs chloride in the p^.-senee of hydrochloric acid. 4 
The action appears to consist in the alternate’formation of cuprous 
cyanide and regeneration of ouprout chloride, hydrogen cyanide being 
evolved. By collecting the evolved, fteitj in alkali, and afterwards** 
titrating excess of the latter, the amomjt of ferrocyanide originally 
present may be conveniently estimated. * 

If a few drop} of potassium ferrocyanide solution ara added to dilute , 
hydrogen peroxide (1 per cent.), and kepU in the dark,‘decomposition 
of the latter is exceedingly slow. On placing in difcct sunlight for a 
ttw moments, however, brisk evolution of oxygen takes place and 
continues, cvrti after removal from the light. The effect is not due to 
rise of temperature, but, presumably, to some catalyst generated miller 
the inllucncc of the light. 5 

Potassium ferrocyanide finds application in commerce in the manu¬ 
facture of Prussian blue, and also lor ease-hardening of steel. 0 

Dimble aiiltn .— When equal parts of potassium ferrocyanide and 
aftutionjum ohloride.arc dissolved in water at‘100° C. and allowed to 
cool, pale yellow hexagpnal crystals ‘are obtained of composition 
‘ NH 4 KII 2 I 3 i‘(CN*| a .2MI, 1 Cl. The lieutral salt, (NH 1 ) s KFc(CN) 6 .2NH 1 Cl, 
has also been obtained. 7 , 

Potassium altftnlnium fprrocydnide, KAlFe(CN),.4H s O.—Consider¬ 
able difficulty attends the preparation of this salt, 8 which forms & jcllj 
on mixing equivalent solutions of aluminium*chloTide and potasSium 
fearocyanide. • By centrifugating at 3000 revolutions per minute it 
may be isolated as a precipitate, washed Vith acetone and ether, and 
dried in wcuo. The salt is darjf green, dud transpifresl when in bulk, 
bdt when powdered is light bluk.h green. At 100°*C. it becomes 
anhydrous and Assumes h deep blue eoloifr. • « 

*■ Potassium* Baflum frtrofyanlde, K^JaVe(CN),.3lI 2 0, results as a 

» t 1 de Kuninok and Joassart, Bull. Soc. chim. Bely., 101^^8, 144. , 

I See E.«MUU«*r and Diofenthaler, Zfitach L nnorg. Chem 1910, 67 , 418; Meoklenburg, 
ibid., 1910, 67 , 322. . • * 

* a OallenkaKip, Chcm. Zcit 1910, 40 , 235. 

4 Williams, J. Soc. ChemPlnd., 1912, 31 , 468. * , 

* 5 Kisfciakowsky, Zeitsch. physical. Chcm., l^HK), 35 , 431. 

• See this rolume. Part III. 

7 Etard anS B^iffonjt,* Compt. rtnd., 1885, 100 , 108. 

* 4 Robinson, Trans. Chcm, Soc., 1909, 95 , 1353. 

* • * 



• IRON AND THE ELEMENTS OF GROUPS XV. AND HI. *19 

crystalline deposit on ihixing dilute solutions of potassium ferrocyanidc 
and barium chloride. 1 , • * 

Potassium calcium ferrocyanide, K a CaFe(pN) 6 , is obtained by mixing 
cold concentrated* solutions of potassium f rfooyanide and calcium 
chloride in moleaular ofoportions. , The nleeipitaje is washed in cold 
water and .dried in air*or at 100° C.« * 

One part of tin?sift dissolves*in 241 parts of water at 15° to 17° C.* 
Potassium cerium ferrocyanide, KCVFe(t’N) 4 . is obtained as a white 
crystalline prccipitatcVn jnixing cold concentrated solutions of cerium 
/•hloride and'pota&siuin ferrocyanide. 3 / The salt hncjprgoes i}o change 
when heated to Wb° (’. ,, . * * 

, Potassium magnesium ferrocyanide, lv 2 MgFc(CN ) 0 . is obtained in the 
anhydrous condition by mining cold concentrated solutions of potassium 
ferrocyanide and magnesium ehlofidc. 5 Aftvwa short time a whit# 
miero-ery,stallitje precipitate is formed, which is not nffcftftl by heating 
to 120°.(\ When moist the salt soon becomes cr.um-coloured, owing 
to slight decomposition, [tossdily under the nflluenec of atmospheric 
carbon dioxide. • 

# A saturated aqueous solution of Ihe salt contains 1 -95 grains per litre. 
The liepUihijdrutc. 2K 2 MgK»(('N) r 7lI,0, is prepared by mixing 
dilute solutions of potassium ferrocyanide and magnesium chloride at 
the boiling-point. 

Potassiunj dnercuric ferrocyanide, K 2 llgFe(CN) (i j» may be obtained 
as a faintly blug powder By the interaction of mercuric ehlbride and 
potassium ferrocyanide solutions. 1 *11 is insoluble in water, hut % is 
decomposed by acids. . 

, Potassium ammonium barium ferrocyanide,* K 2 UaFc((.’N) c , 
4(XKj 2 linFc(C'N) 1 .15lI 2 0; potassium ammonium cadmium ferro¬ 
cyanide, K a ('dFo(^X) h . l(XII. 1 )XdIA(CXj B .2ll,0; potassium ammonium 
calcium ferrocyanide, K 2 CnFe(t'\) B .4(Nll,) 2 ('aKe(l'N) r 2ll./); mid' 
potassiumhmmonium magnesium ferrocyanide, K 2 MgFe(l'S) B .. r i(NIl 1 ) 2 
M|jF( (C\) ri .]0H. 2 O ; have been pri pared. 6 / 

Silver ferrocyanide, Ag,l>\(t N) 0 , is obtained fes a white*ji/ecipifide 
by double decomposition of a silver sail with pntassipm ferrocyanide. 
With nitric acid it yields orange-red silver fcrricyanidc." » 

Sodium ferrocyanide, Xa, Fe(Uj;) t .l*lJ 1 (), may h? prepared, hi an 
anajpgous manner to the potassium salt. 7 * It may also be prepared by 
• boiling Prussian ljlue jvith acpieom# solutions of soijfum carbonate or 
hydroxide. •, • 

Its solubility in water i.^as follows : * * * 

Temperature, V'. * . . ' 20 ,30 42 00 *00* 98-5 

Grams Xa,Fe(T'X’)„ per 100 • • • 4 

. grams IKO . . *,*17-9 23 5 3l)-2 42«5 5968-0 

| . • • *• • •* • • 

1 Bunsen, Pogg. Annalen, 1835, 36 , 404. Wyrouboff gives $ niplecnjgs of confbined 
rater (Ann. Chim. I^hys., l£?Q, 21 , 279). * § 

* Brown, Trans. Chetn. Hoc., 1907, 91 , 182#.* 

, 3 Robinson, ibid., 1909, 95 ? 1353. 9 

Femekes, J. Amer. Chem. Hoc., 1906, 28 , 87. 

* Datns, ibid., 1907, 20 , 727. • 

1 Se# VaVnta, Cfam. Zeit,, ft) 10, 40 , jp 8 . » w 9 

» ! It was studied by Bunsen (Pogg. Annalzn, 1835, 36 , 413) and Febali/lnnaZen, 1888, 
133 . 165 ). * # • • 

* Cov»y, J. fihc.4}hjn. Ind+ 1898, 17 . KW. 
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At 25° C„ 20-725 grams of Na 4 ftyCN) 8 dissolve in 100'grant# of 
water, 1 the density of the solution being* 1 -0595. It yields beautiful 
monoclinie crystals, pale, yellow in cplour. Alcohol precipitates the 
nomhydrale , Nu 4 Fe(CN) 6 .9H 2 t), from the aqueous solution of the salt. 
Sodium cerium ferrocyapide, IJaCeFe(CN);, obtained 2 on mixing 
cold concentrated solptions of cerium chloride and sodium ferrocyanide. 
No description of the salt is given. ■ * c , 

' Strontium ferrocyanide, Sr 4 Fe(CN) 62 0, is obtained as a soluble 
salt by neutralising hydrogen ferrocyanide ffith the hydroxide or 
carbonalp of stymtlum. Tha salt crystallises in •monoclinie prism# 
containing 14 molecules of wats’t, 3 of which seven hr-e lost on exposure 
to air and a "further six when kept over concentrated sulphuric aoid. , 
A study of the osmotic pressures and electric conductivities‘ , of 
'solutions of strontium* fcrrocyanidt in water leads to the conclusion 4 * * 
that the negative radicles arc associated to doubly ion#, namely 
[Fe(CN) # ]j"""*. • . • 

Thallium ferrocyaftide, Tl 4 D?(CN) 6 .2lI 2 t) has« been prepared* 8 * It 
is formed as yellow crystals by adding 3, hot concentrated solution of 
thallous sulphate to one of potassium, ferrocyanid^ and allowing to, 
cool. 8 It is sparingly soluble in cold svator but more readily in hot 7 
and in potassium ferrocyanide solution. If dilute solutions of thallous 
sulphate and potassium ferrocyanide are mixed and alcohol added, a com¬ 
plex potassium thallium ferrocyanide, K 4 Fe(C’N) 8 .K i ,Ti¥e(t'N) 8 .0H,O, 
is obtained. 8 , 

, Zinc ferrocyanide, Zn 2 Fe(CN) 8 .(3 or 4)11./) 0 is a white powder. 

The following ammouiates have been prepared, namely Zn,Fe(CN) e . 
6NH 3 .2II,0 10 II and Zn 2 Fc(CN) a .7NlI 3 . u 

Zinc potassium ferrocyanide, Zn 3 K 2 lFe(CN) 0 ] 2 , is obtained, as an 
insoluble precipitate on adding an excess of potassium ferrocyanide 
to a 7,in*c fjftlt in aqueous solution, 12 

By adding sulphuric acid to a portion of the clear solution and 
estimating the excess of potassium ferrocyaaide by titration with 
permanganate, the Method may be nujde a convenient one for the 
.estimation of zipc. 13 
«•) 

M ^ Rerric\(amdes. 

Hydrogen fqrricyanide, Ferricyanic acid, H 3 [Fc(CN) 6 ], maybe 
obtained as crystalline brown needles by the actioi/of dilute sulphuric 
aci^l upon le^d ferricyaillde and subsequent concentration of the 

I Ha.’kios and Pearce, J. Amer. Chem. Soc., 1916, 38, 2714. » * 

• Robinson, Trans. Chem. Hoc., 1909,‘95, 1353. 

• Coleman, quoted by Roscoe and Soiiorleramer, A Treatise on"Chemistry, vol. iL 
(Macmillwi & Co.), 1907, p. 1232 ; Borkeloy, Hartley, and Stephenson, Phil. Trans., 1909, 
A,r09, 3f». Betftj^nnalen, lfOO, 22, 148),and \Yyr0ub9ff (g4nn. Chim. Phys., 1869, (4), 
16,287; 1870, (4), 21, <274*, gavo 15H a O. ^ 

4 ‘Berkeleyr fiar^ey, and Stephenson, loc. cit. ‘ 

. fc Kuhlmann, Cornet, rend., 1862, 55. 607 ; Lamy and 'Deaoloiseaux, ibid., 1868, 66, 

1146; Rohiuaon, Trans. Chem. Soc., 1909*94, 1353. 

• T. Fischer and Benzian, Chem. £eit., 1902, 26, 49. v 

^ See Croolws, Chem. New, 1861, 3, 303. • Fischer and Benzian, loc. crt. 

• Sohendeler, Mag. Phan,!., 35, 71 ; WyrouboS, %c.,cit. , « 

110 Tissier, Compi. rend., 1857, 45, 232. f 

II Peter*, fcitsch. anora. Chem., 1912, 77, 137. t 

u Millet and Falk' Amer. Chem. Soc., 1904, 26, 952. 

“ Menrioe. Ann, Chim. anal., 1913, 18, 342. ' i 
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decanted •solution, Thfe producf ig not pure, however. 1 A pure acid 
is believed to result op deCbmpositioif with hydrochloric acid, silver 
ferricyanide, prepared by the giction of silyer nitrate on potassium 
ferricyanide. 9 • 

Ammonium ferricyanide, 2 (NHfFe(CN').U ? p, may be prepared 
in a .similav manner ti? the potassium salf (vide jnfra). It yields red 
monoclinic pjisms* tfhieh readily dissolve in water. The solution 
hydrolyses upon standing, 4 nyi is more sensitive to the action of light 
in this respect than is ftie potassium salt. 3 " • 

, Barium fehicyanide, l!a 3 [Fc(('N) 0 ] 2 j;oH 2 (), is preyared by neutral¬ 
ising ferrieyanie •(’id with barium yarboiyite afiu evaporating to 
, crystallisation in vacuo.* * It also results on boiling a solution of barium 
fefroeyanide with lead diyxide. 1 * It yields reddish brown crystals. 
These arc soluble in water without. Recomposition. The salt is dcconi-* 
posed on jvarmyig with acids. 'The compound Ba 3 [Fe(CIt) 4 ],.2DaBr,.. 
20H 2 O, has been obtained.* • 

Barium potassium ferricyanide, BaKFc(Ch^^4lI t O, first isolated by 
Bette, 8 who regarded it as if triljydratc, is conveniently prepared by 
addition of the requisite quantity of potassium sulphate to a solution 
of barium ferricymiido and allowing the filtered liquid to evaporate. 7 

Barium sodium ferricyanide, BaNaFe(CN),.3H s O, and Barium am¬ 
monium ferricyanide, BaN*U.,.Fe(t’i\)„.m 2 (), iiuve also been prepared. 

Bismuthrfjrt-icyanide.--This salt is precipitated from bismuth salts 
by solutions of, potassiunf ferricyanide. It is straw-colmfred and 
insoluble in concentrated nitric arid.* 

Calcium ferricyanide, t’a 3 |Fe(CN),],(?)12H,0, may be obtained 9 6y 
ojiidising aqueous calcium ferroeyanide with calcium* plumbate and 
oaring dioxide under pressure, at the ordinary temperature. 'J'he 
solid salt is separated by evaporation under reduced pressure. ’ The 
salt may also be obtained by oxidation of calcium ferrocyanWc with ' 
chlorine 10 And by neutralising ferrieyanie acid with (*aleiu%i carbonate. 
It yields needlc-shupcd.orystals, which are stable in dry air. 

'Calcium potassiifm ferricyanide, CaIv.Fe(CN)j.3H 2 0, crystallines*in < 
deep red plates, and is more stable than the simple calcium salt. , 

Calcium ammonium ferricyanide.CuN H,.Fe(CN) ( .Ull 2 0,<md Calcium 
sodium ferricyanide, C'aNa.Fc(CN) et 5H 2 ©, have also lihon obtuiqpd. 

Qobalt ferricyanide, Co 3 |Fc(CN) 4 ],, is a Ccd precipitate resulting when 
•potassium ferricyajiide and cobalt sulphate solutions*arc mixed. The 
ammoniates Co 3 [ Fc( C N) 6 ] 2 .4 N11 3 . fi H 3 0 11 * * V *gid €o 3 [Fe(CN) 4 ] 2 .8NlI 3 18 
have been prepared. , • * • 

Copper ferricyanide, Cu 3 [Fe(CN) 4 ] 2 , is a greenish bnjwfl precipitate 
obtained on mixing solutions of copper sulphate and potassium ferri¬ 
cyanide. 13 Th*e precipitate tyis a cdhstant eompositkfrf, no matter what 
relative proportions of the *wo salts are qset^ 

1 Joannia, Compl. rend., 1882, 94 ,*449 

« Fischer and P..Muller. f tem. Zeil.. 1901, 25 , .121. • , 

* Eder, Monalsh., 1885, 6 , 495. • Hchulcj-, Jahrcsl/er., 1873,4). 330, 

% * Hammelabcrg, J. prakt. Ghem., 1889, (z), 39 , 455. 

* Bette, Ann. Pharm., 1837, 23 , 124. 7 Fincher and Muller, loc. ciU 

■ Locke *nd Edwards*/! CMem. J 1899, 21 , 193. • 

» Kdwne* Ghem. Zeit., 1893, 17 , 171% • 

l * Bette, loc.tcit. f 11 Braun, Annalen, 1863 , 425 , 104. 

V Peters, Zettsch. anorg. Chem., 1912, 77 , 137. * * # • 

E. Mhtier, Wegfli^|and KeDerhof, J. prakt. Ghem., 1912, 8 $, 
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If ammoniacal cupric hydroxide is added to‘potassium fertic^ryde 
the pent-ammoniale, Cu 3 [Fe(CN) 6 ] 2 .5NH 3 , ts obtained as black, stable 
crystals. 1 * The salt Cu.[Fq(CN)„] 2 .16N{I s has also been obtained.® 

Lead ferricyanide, TbajTctCN^Jj.ieHjO, is olJtained, by double 
decomposition of lead nitrate witlj potassium* ferricyanide. It yields 
dark reddish brown crystals. • » . 

Lead ferricyanide nitrate, Pb 3 [Fe(CN) 6 ] 2 .Pb(NpJ 2 .12l{;0, and Lead' 
potassium ferricyanide, PbK|Fc^t’N)„].,')jC(\ have been described. 3 

Magnesium ferricyanide, Mg 3 |Fo(('N) 8 ] 2 .10rf 2 O, is •prepared in an 
unalogoui mannej to’ the barium salt, and dried over sulphuric acid. 
The aqheous.solutiou decompose* when warmed. 4 ' • • 

Magnesium ammonium ferricyanide, MgNII 4 .Fe(CN) 0 .4lI s O. 

Magnesium potassium ferricyanide, MgK.Fc(CN) 6 .4ii 2 0, and Mag- 
ftesium sodium ferricyanide, MgKaFe(CN) 6 .6lI 2 0, have also been 
obtained. * , , . 

Mercuric ferricyanide, Hg 3 [Fc(CN) 6 ] 2 , may be obtained by adding a 
concentrated aqueous solution of*potassium fbrricynnidc to a solution of 
mercuric cldoridc in alcohol and cither! The- precipitate is bright 
yellow in colour, and fairly stable when dry. 5 * ( 

Mercurous ferricyanide, llg 3 [Fe(CN) 6 |, «is obtained as afloeculent 
cream-coloured precipitate on the addition of mercurous nitrate to 
potassium ferricyanide solution. 5 It turns blue on exposure to air. 

Potassium ferricyanide, K 3 [Fe(t'N) 6 ], known eomrilqreially as red 
prussiate'of potash, was discovered by Gmelia in 1822, and is obtained 
by the chlorination of potassium ferrocyanidc 1 * 

• 2K 1 LFc(CN) a ]-]-t'l a ^2K 3 [Fe(CN) 0 l-f2KCl. 

and subsequent re-crystallisation, whereby the more soluble potassium 
chloride remains in solution. It yields dark red iponoelinic prisms 

* of density 1 -8, whiah dissolve in water to a yellow solution. 7 The 

solubility is *s follows : — 8 * 

•Temperature, X. . r -4 10 1585 , 37-8 100 , 

* Gram! Kj[Fe(CN),J in 

' 100 grams JI 2 (> .'33 0 30 0 39-7 58-8 77 0 

1 BU-uluri, Zritscli. lyiortj. (U/em., lifl.t. 8 l# 40(i. , 

* Peters, ibid., 1012, 77 , 137. r s 

8 Schuler, Sitzungrber. A lead. IPut?, 1870, 79 , 302; Raiumelsbcrg, J. prqkt. 

Chen., 1889, (2), 39 ,4.16. r " # # 

* Fisehor and fuller, Chen 1 . ftvit., 1001, 25 , 321 ; Bette, Ann. Pharm., 1837, 23 , 124. 

5 *Fernekos, J. Amer. Chem. Soe.,\ 000, 28 , 002. ♦ 

* Thi| reaction,has been studied by (lillet. Bull. Hoc. chirn. Belg. t 19i£, 26 , 236. 

1 A supposed isortioride named jMtafsium ft ferricyanide, K 3 [F«'-jCN)«].H,0, was 
described as obtained*( I,ocke and Edwards, Amer. Chem. J 1899, 21 , >03, 413) from the 
a salt by treatment with small quantities of mineral arrids. * It is formed oiymncentration 
as olive-oojfcured crysfata, which rfadil^ dissolve in watert It reacts similarly to the a salt, 
yielding characteristic precipitates with solutions of Sails oftthe heavy metals, although in 
Borne 'cages the ^ ferricyanides thus obtained are appreciably different from the more 
common a salts. Tlfe (jyidence, however, is far from conclusive. With reference to the 
constitution of this salt see I. Bellucci aiKifSabatini, Atii A. Accad. Lined , 1911, (5), 20 , 
i. 176, 239 ; Gazzelta, 1920, 50 , i. 23 ; Piutti, Ber., 1912,45/1830; Wells, Amer. Chem. J „ 
f 1913^ 49 , 205. Jdauser and Biesalski ( Ber ., 1912, 45 , 3510) suggest that the /? Balt isJiift 
ordinary one containing some Prussian blue as impurity. Since £he foregoing jvaa written, 
Briggs (Trans. Chem. Soe., 1920, td 7 , 1026) has^hown, however, that the p$a\t tconsiati 
of mixed crystal^ of potassium ferricyanide and aquopontaoyanoforrate, K,rFe(CN),.H,0] 
(See p. 236.) '' * * 

* Wallace, Trans. Cktin. Soc. t 1855, 7 , 80. 

- * * 
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The«ht>ve data are ohly apptcfcrimately correct, and further research 
on the subject would bp welcome. According to Grube , 1 one litre of 
saturated solution at 25° C. contains 385’5 gjams of K s Fe(CN),. The 
solution on exposure to light yields a blue precipitate, ferrocyanidc 
remaining in' solution. It is reduced by Sodium .amalgam to ferro- 
cyanide, and hydrogen peroxide has tjie sanfe effecj :—* 

4K 3 [Fe' : (GN) 6 ] \ *1,0, =3K 4 lF e "(CN)J+H < [Fc“(CNU] +20,. 
When oxidised, (H-potasgiuin jtifjenicyaiHde, Iv 2 Fe(ON) 4 , is stated to be 
produced , 3 but the, salt is'probably a prntacipi nofirrate, K ! Fe'"(('N)j . 3 
With solutions .of ferrous salts potassium ferrieyanitfb yields* m deep 
blue precipitate, originally called Turnbull's blur, but nov^‘believed to 
’beidentical with Prussian blue . 4 • 

In neutral solution potassium fejrieyanide undergoes hydrolysis to ■ 
a small extent, ferric hydroxide being*precipitated. Thus :• 5 
. ’ K 3 Fe(CN) 0 ( 3II0II- Fe(01I)j-l 3K( N |.3lICN. 

The hydrolysis is certiorated. by light’ 0 llydnllysis also appears 7 to 
take place to a slight extent according to the equation — 

• K 3 F{(CN) 6 1 HjO • .'-KoFc(t'N) 5 II,0 i KCN, 

aquo pcnta-cyanoferratc resulting. The solution is reduced by hydrogen 
sulphide, slowly at the ordinary temperature, but rapidly on warming. 
Thus • 

6 K,Fe(CN), |*3H,S=4lf 4 Fe(PN), ; K,Fe.Fe(CN),-f (llIC'N-T 8S. 


Potassium l'errieyaiiide is reduced in alkaline solution.to ferrtf- 
eyanlde in other words, the salt under these conditions is able to 
fun ction as an oxidiscr, thus : - 

|JK 3 Fe^N) 6 T 2 KOH N >2K 1 Fc(t'N),+lI 2 0+0. 

The reaction velocity has been studied 11 at 90 *(.’», with interesting 
results. The velocity at first decreases slightly, then increases rapidly 
to it maximum, afteraitfaining which it fay* again. The reasmj for the 
increased velocity lies in the* autocatalylic, action of the potassium 
ferrocyanidc produced during the reaction. * 

Below 60° C. and in the dark, the lykalinc solution of potassium 
ferrocyanidc is Stable . 10 * ( * * 

All aqueous solution of potassium fcrricyuuidc is readily reduced by 
hydfochloric acid iifto ferrocyanidc. Thus , * 

2 H 3 Fc(CN ) 6 4 - 2IIC1 ^- 2 H 4 '(’'e , (*CN) # -|- Cl 2 , ' 

the reaction proceeding to completion jf the chlorine is remowed Its, for 
example, by addition of reduced silver. Ferric ehlorirjoacts similarly— 

• * * * '• , 

1 Grube, 191(1. Taken from Seidell, opvs cit. # , • . * 

. 4 Stadeler, Annahn, 18(19, 1 * 51 , t. • , * * 

* Cambi, Qazzdla, 1911, 41 , i. 157.< _ • 

* Hofmann, Heine, and tKichtlen, Annalen, 1904, 33 J 1 1. Also w% gt'227. 

9 See Foster, Trans. Chem. Soc., 190(1, 89 , 0p>; Matuscbek, C/ibn. Zcit., 1^01, 25 , |ll, 
S£2, 666 . • * 

■4»See Eder, Monatth., 1886, 6 , 496. 

* Briggs, toe. ctf. • • 

* Verst to*. AUi R. Accatl. Lbncei, 190(k ( 6 ), 15 , i. 374/? . . 

* Grube, Zeitgch. anorg.A'hem., 1914, 84 , 190 ; Prudhomme, BvU.’lioc. ctym., 1903, (3), 

99,. 1010 ; Fredenhagen, Zeitsch. anorg. Chem., 1902, 29 , 396. * • * * • 

*• Kaespar. Arch. Pharyi., 1898, 234 , 330. 
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not because it dissociates on solution ihto ferrous chloride and chlorine, 
but because it undergoes hydfolysis, the libejated "hydrochlorid add 
acting as indicated above.. “ 

Hydrobromie acid," ferric'bromide,'and the chlorides and 'bromides 
of zinc and aluminium all react in an analogous, mariner. 1 With 
potassium iodidfi in the pr&ence pf a zinc salt'the reaction is quanti¬ 
tative, and may be us8d in fie volumetric estimation of ferric'yanides:— 2 

r 2K 3 Fe(CN) 6 +'2KI^2« 1 J'e(C^) 6 -|-I ? . 

Potassium fayripyanide is .educed to ferrocyajride by an alkaline 
solution of ferrous sulphate. ' t 

Potassiurfi ferricyanide is quantitatively reduced by an alkaline < 
solution of hydrazine sulphate, the reaction proceeding as follows :~ 

^K 3 Fe(CN) 8 +4K0H=4K 1 Fc(CN) 6 +2H 2 0+0 s> 

• b| a H 1 +0 ? =N 2 +2H 2 0. 

' ,, ,, K 

By effecting the reduction in a nitrometer and measuring the nitrogen 
evolved, the amount of hydrazine of potassium ferricyanide originally 
present can readily be calculated. 3 

Hydroxylamine similarly reduces the salt, yielding nitrous oxide 
and nitrogen. 3 Thus ' 

. 4NH 2 .0II-t-0 2 =2N 2 +6lI I 0, 

6NH 2 .01I+0 2 =r2N 2 0+2NH 3 +6H 2 0’. 

Indigo is rqidily bleached by the salt. 

When distilled with potassium cyanide, potassium ferroevanide, 
hydrogen cyanide, and ammonium carbonate are produced :— 1 «u,.- 

2K* 3 Fe(CN) 3 +2KCN+2H 2 0=2K 4 Fe(CN) 6 +HCk+NH 3 +C0 2 . 

Continued passage of carbon dioxide through a boiling solution of 
pdtassiujn«fcrrieyani(le results in the precipitation of ferric hydroxide 
and the formation of potassium carbonate and hydrogen cyanide or its 
'decomposition products, ammonia and formic acid. 5 

Sodium ferricyanide, 2Nt)j[Fc(CN),].H 2 0, may be obtained in a 
similar manner to 1 -the preceding salt. It yields deliquescent rubv-red 
prisms, soluble ir water. 5 

Strontium ft&ricyanidp, Sr 3 [Fe(CN),] 2 .14H 2 0, obtained in° an 
analogous manner to the tyirium salt, crystallises in reddish brown 
prisms. 5 

Strbntium potassium ferricyanide, St , KFe(CN) 9 l8H 2 0; Strontium 
sodium ferricyanide, SrNaFe(CN) e .'dH 2 0; and Strontium ammonium 
ferricyanide, SrNH 4 Fe(Cli),.8lI 2 0; have hlso been prepared. 

JThafiium f&'rfjyanide 1 dot s not 'appear to’.have been obtained, but 

■ ' GUlet, Buli'.’Hik. chim. Beige, 1912, 36 , 236. For the option of bromine on potassium 
iemoyanide .see Reynolds, Trans. Chem. Bsc., 1888,53, 

* Mecklenburg, Zeitsch. anorg. Chen., 1910, 67 , 822. The kinetios of this resation have 

been studied by. Donn&n and le Rosstknol, Trans. Chem. Soc., 1903, 83 ,703; Just, Zts&bh. 
phvsikU. Chem., 1908, 63 ,51". 1 „ . , 

, * Riy and Sen, Zeitsch. onorj), Chem., 1912.76,380. 

4 Horn, Ohm. Hem, 1883, 48 , 73. 

* MaturohH, Chem. Beit., 1901, 35 , 815. 

* Ftscber and P. Mfiiler, Chem. Zeu., 1901,35 , 321. , 
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various jlcmble potassium thallium salts have been isolated. When 
potassium ferricyanide and thallous sulaliatc solutions are mixed and 
allowed to crystallise, redheedlesof K 2 Tl[iV(CN) 6 ] are obtained. These 
are decomposed by pyre water. 1 • • • . 

Zinc ferricyanide, Zn,[Fc(CN) 6 ] 2 , is precipitated as an insoluble 
orange-coloured saft on welding potassium fwrieyunitlc to a solution of 
a .zinc'salt. • ‘ 4 . , * • 

The ammoniate, Zn 3 fFc(t'N) 6 ] 3 .12NH 3 , lias been isolated.# , 

• * , • 

Iron Derivatives oj Ferro- iyi<[ Frrri-cyanides. * 

Some of these derivatives, such as Prussian blue, are of considerable 
Siommercial importance on*account of tla ir characteristic deep colour. 
As h general rule, the derivatives which are devoid of colour contain 
iron in one stage of oxidation onlyVvithin the snoleeule, whilst the 1 
coloured compounds possess divalent and trivalent atoms of iron respec¬ 
tively. It would 'appear, therefore, that the golout is in some way 
connected with the prnfceneetif similar atoms in nflire than one stage of 
oxidation. Thus, ferrous polllssiuju ferroeyanide, Fe 'K 2 [Fo"(t'N) 4 ], 
is white, the iron atoms in the,positive and negative radicles respec¬ 
tively being divufcnt. oxidation, however, Prussian blue, 

Fc"'K[Fc"(CN),| is obtaine.d", the iron atom of the negative radicle 
remaining divalent, whilst the positive iron ion is trivalent. 

* An analogey? ease is afforded by the deep indigo colour of sulphur 
sesqui-oxide, S 2 <).,, which cifutaius sulphur atoms in two decrees of 
valency, 11 whereas sulphur dioxide and rrioxide are both colourless. , 

Ferrous hydrogen ferroeyanide, II 2 Fc|Fc(C'N),J. Jesuits when 
hydrogen ferroeyanide solution is heated to 110°-120° t'. 4 with exclu- 
,Vf it readily oxidises to ferric hydrogen ferroeyanide, 

Fe , "H[Fe''(l'N') (1 j.H e O, which is a blue compound, insoluble in water, 
oxalic acid, and ammonium oxalate solutions. • . * 

Ferrous potassium ferroeyanide, FeK 2 [Fe(CN) 6 ], is obttuned as a 
whitj: precipitate when potassium ferroeyiuiide reacts with an egu^- 
molccular quantity of a ferrous .salt:— ' * * • 

FeClj -)- K 4 [ Fe(('.N ) 6 ] =FeK 3 [Fe(tN) 3 jf2K«). 

It readily absorbs oxygen, yielding Prussian blue. * 

Everitt’s salt*also has the formula FcKj|Fe(('N) a f and is isomeric 
vpth the previous salt. It is obtained when dilute sulphuric acid and 
potassium ferroeyanide ate heated together t 

2K 4 [Fe(CN),] +8H l S0 4 ,=3K,S0 1 -hKjFe[Fe(CN) 4 ] t’nlK N. > 

It is a pale yrilow crystalline powder which, upon soxldatipn *with 
hydrogen peroxide, yields IVilliamsonls violet (see p. 22^), • 

The Prussian Blues.- •Scxtral of these lire kriowrj, namely: a 
soluble Prussian blue, 4$V , T<jFc''(,CN),]s7H|0. TI«s* eompoilnd is 
Obtained when a solution of potassium ferrocyabide: interacts with 
rather less than one equivalent of a ferric salt.* It petunf as a de^p 

1 T. Fischer and Benzian, Chyn. Zeit., 190‘t 49. • * * 

*, Peters, Zditch. anarg. Cht.m., 1912,77, 137. , , 

* Sfe this series, Volume VII. . 

* Reemann*and Carius, rinnaltn,*l 860, 113 , 39: Eta*l and Btmont, Compt. rend., 

1884, 99 , ld24 /Hofmann, Amoldi, and Hiesdlmaier, Anrtalei 1907, 352 , 64. * 

* « Everitt, Phil.’Mag., 1886, (3), 6,97. . •*, 

* See V '.wLin, J, Hvf*. Phyt. Chem. Soe., 1008, 40 , 480. 
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blue precipitate, which when washed with •alcohol and tfrjpd yields 
a beautiful blue powder exhibiting a bronze cast by reflected'light. 
It is soluble in pure water, but is precipitated on the addition of salts. 
Aqueous solutions of oifalie acid dissolve it, whilst alkalies decompose 
it, precipitating ferric hydroxide. 1 A similar blue-coloured precipitate, 
known as Turnbifll’s bluet (the Soluble variety), is formed when rather 
less than one equivalent,, of a ferrous salt 1 at,reacts with potassium 
ferricyauide. According to Skraup 2 and Hofmann, 2 the two pre¬ 
cipitates are identical, but this is denidtf by Midler. 4 

/3 soluble Prussian blue is produced when molecular proportions of a 
ferrous" salt and potassium fcrrocyanide are brought tygether in neutral 
solution ahd oxidised with hydrogen peroxide. It is rapidly decom¬ 
posed by ammonia, but is not soluble in oxalic acid solution. 6 !t is 
isomeric with the y variety, and the lbrTnula Fc'"K|Fe(CN) 6 ].H s O is 
attributed, to it. 

y soluble" Prussian blue is obtained when molccultfr proportions of a 
ferrous salt, and potassium fcrrocyanide ,are brought together, in cold, 
acid solution and oxidised with nitric acid or hydrogen peroxide. 
Hofmann regards it as consisting of two molecules of JKFe[Fe(CN) 6 ] +Aq. 
and suggests the asymmetrical formula f ' 

Fe. 

tV(CN), \Fc(<iN),.K,l-Aq. 

, Fe X 

< C 

Isomeric with this salt is 9 Williamson’s violet or Williamson’s 
'blue, K(fe'"lFe((.'N) 0 l | II 2 0, obtained by suspending Kveritt’s salt in 
one per cent, sulphuric acid and adding nitric acid or hydrogen 
peroxide. A ferric salt may be used as oxidising agent. 6 The com¬ 
pound is insoluble in water, but. forms a suspension which appears dark 
purple by rdleotijl light, but greenish blue by transmitted light. It 
is insoluble in oxalic acid ami is not decomposed by dilute mineral 
acids or by digestion with ferric chloride, lm( 4 per cent, ammonium 
hydrojiitk 1 convert* it afte'tssome hours into ferric hydroxide and Alkali 
fcrrocyanide. 5 Hofmann and Rcsenseheck suggest the symmetrical 
constitutional 1 formula : — 

■ 

KFc(C&) t x l'V(CN),K+H.(), 

\F« . , 

O 

the water al&o being constitutional in sonje w r ay. 

>J r hcn'ferric ammonium alum and potassium ferricyanide are acted 
qpon w r fth hydrogen peroxide m the presence of free hydrochloric acid,* 1 
a blue substAwce, Fc 7 (CN), s . 10ht 2 O, i^; obtained, having properties 
similar to Williamson’s'violet, but less stable towards dilute ammonium 
Hydroxide. 7 e 4 4 y 

‘ Insoluble Prussian blue, Fe”' 4 [Fe(CN) fl ] 3t -j Aq., is obtained when 

k * i r 

* 1 Guighet, Compt. rend., 1889, io 8, 4 

1 Skraup, Annalen, 1877, i86, v 371. • 

3 Hofmann, Heine, and Hoehtlen, loc. eit. ; Hofmann, J. prakl. Chem., 1909, 160. 

4 E. Muller and Stani»£h, /. prakl. Chem., 190$ (2C, 79 , 61. ‘ 

5 K. A. Hofmann and fte«*nsckeok, Amulen, 1906, 340 , 267. ' * 

• Messr*^. Zeilsch. nnorg. Chem., 1895,* 9 , 126. * 

* Hdfmann and Resensoheck, loc. cit. t 
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potassium ferrocyanide i* treated’with an excess of a ferric salt, the 
ratio,’ ih the eaSe 6f ferfie chloride , 1 Fi*CI 3 /K 4 Fo(CN),,, being greater 
than 1-83. The same product is obtained when a soluble Prussian 
blue is acted upon by a ferric sail, and is Staled *to be identical with 
insoluble Turrfbull’s blue, 1 ** which is the salt*obtained by addition of 
excess,ferrous sa]t to phtassiuni ierrifyanidf' and washing in full ex 
posure to air'; but tills is denied by Muller , 3 arlio gives it the formula 
KFc"Fe" 3 [Fe(CN) 6 ] 3 . * . 

The substance js insdlublc in water a,ml in dilute nliacrnl acids, but 
dissolves in oxafic acid, yielding a blue solution at out time largejy used 
for ink. When driejT the salt contains d,l(> mplcenids of winter, atul if 
heated strongly in air it bums, leaving a residue of fen ie oxide. Alkalies 
3ee«nposc it, precipitating^ ferric* hydroxide, soluble l'erroeyanides 
passing into solution», . ■ 

Fo 4 {Fe(CK) 6 ] 3 -|-12Na011 tFcfOll3Na, [f.-fCX )*], 

• 

whilst Hot couccutrubeck hyditichloric aei'l effects its solution, hydrogen 
ferrocyanide eventually separating* out. Heated with concentrated 
syilphurie acid, the wyunogen groiqi is decomposed, the nitrogen yielding 
ammonium sulphate. Wheif fusVd with a mixture of ammonium 
nitrate and sulphate, sulphat^'of iron is produced. 

Commercial Preparation anti Uses of Prussian /Hue.— Prussian blue 
was discovered Accidentally in 1701 by Dicsbach. 4 and ts highly.valued 
as a pigment on aacount of its remurkqjile intensity of colour. It was 
manufactured in Great Hritain in 1770. and sold at 2 guineas per lb.* 
One pound of Prussian blue will perceptibly tinge sons- 00® lbs. of 
white lead. The pigment is sometimes prepared commercially by the 
dircefcenethod of adding a ferric salt to a solution of potassium ferro¬ 
cyanide ; but it is more usual to adopt an indirect, method, nanyly to 
add a ferrons,salt to potassium ferrocyanide and subsequently t»> oxidise 
the white precipitated mass of ferrous potassium ferrocyanidrf 5 Chemi¬ 
cally, it consists of a variable mixture of Mime or ali of tlie,Prus*a» 
blues already described. . ' * * 

Ferrous ferrocyanide, Fc,| Fc(l'N),], is farmed when an aqueous 
solution of hydrogen ferrocyanide is heated until hydrogen* eyunide 
ceases to be evolved . 8 • • • • 

Fesric ammonium ferrocyanide, FcNl! 4 |Fc(CN),b results when 
pfitaswium ferrocyanide i*> heated witSi a solution oMiydroxyhunine 
hydrochloride. It is a deep blue insoluble ‘powder . 7 TJic hydrated 
salt FeNH 4 [Fc(CN),].H 2 0 is «known as Mhiihiers’ blur* having been 
obtained by Monthier as the sesult of oxidising the wiiitt- prpeijfitate 
■"thrown down by.fhe action of potassiDm'ferroeyanide umm ammoniacal 
ferrous chlorjjle solution. , It*may also be prepared ,by dissolving 
iron wire in a solution coi^talnijig aipmonui, anmoniign chloride, and 

• • 

1 Muller and Stanisch, J. pmkt. Chem., 1909, (2), 80 , lijfl. 

1 Hofmann, Heine,‘and Hdchtlen, loc. cit. # • 

• E. Mfiller and Stanisoh, J. prakt. Chem. t \ 909, (2), 79 ,^ 1 . 

' fiLppp. Oeschichte der Chemie, 184*1-47, 4 , 369, • # • 

0 For details of the various processes the reader is ntferr*d to A Treatise on Colour 
Manufacture, btZerr and RifbenkAnp, translated by 0. M^er^Chaa. Griffin & Co.), 1608« 

. • E. Mtiller and Treadwell, J. prakt. ChefK., 1909, (2), 80 , 1™ 

1 Hofmann ancf Amoldi, fter., 1906, 39 , 220-4. 

1 Monthjcfs, J. Pharm.^ 1846, (g), 9 , 262. 
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potassium ferrocyanide, and oxidising the green precipitate thereby 
obtained, with hydrogen peroxide. 1 * , * 

A compound of the same formula is obtained by oxidation in neutral 
solution of the compound' obtained by reducing Prussian’ blue with 
hydrogen sulphid;. 1 *, 

The corresponding pofiissiunj salt, FeK[F0(CN) 6 ],II. 2 0, has already 
been described under the name of Williamsarfs violet. This when 
".treated with excess of chlorine yields a green ftydrateo mass known as 
Prussian green. ’ Its composition correspondsdto the formula Fe(CN) 3 , 
but its eonstitutitm is probably represented by. (FefFe(CN) 6 ])„, i.e. 
ferrfc ferrjcyamdfc.® , , . 

f ' * 

Pkntacyanidk Dkuivativks of Ikon. 

One of^lie cyanogen groups of both ferro- and fcrri-cyanidcs is capable 
of being replaced by other radicles, such as CO, SO,,, NO, N0 2 , 1I 2 0, 
NHj, As 0 2 , etc., thereby yielding ])cntacyanide derivatives of the types 
M»[Fc"(CN T ) 6 lt] and* M x .|lFc' ! '(CN) 5 U] respectively, 3 the valfie for x 
varying according to the negative radicle introduced. 

Nitrosn Penta-Ci/ano-ferrates ut Nitrosu Penta-ferricyunides, 
'M 2 [Fc(CN) 5 NP]. 

Hydrogen njfroso ferricyanlde or nitroprussic acid, H„[Fc(CN) 6 NOJ. 
is obtained by decomposition of the silver salt with hydrochloric acid or 
by the action of dilute sulphur c acid upon the barium salt. It is also 
'formed t when nitric oxide is bubbled through an acidified solution of 
potassium fefroeyanidc. 4 The reaction proceeds in two stages, namely, 
(a) oxidation to the fcrrieyanidv, and ( b ) substitution of the eyan'hgen 
radicle by NO :— ' 

' , II,HSe(t:N) i l+NO=II,LFc(CN) 5 NO] + HCN. 

Concentration in vacuo yields dark-red needles, which readily 
tieliqiu'sce.. Its most impotent »:alt is <> 

Sodium nitroprusskje, 5 Na 2 |Fc(t'N) 6 N0]2lI 2 0, which is usiially 
obtained by decomposing the potassium suit with sodium carbonate. 
Potassium eaibonate is exceedingly soluble in water, so that sodium 
nitroprusside is leadilv drained In pure form by crystallisation. 

It may be conveniently prepared by heating potassium ferrocyanide 
with 50 per eeht. citric acid solution on a waterbbath until a dlop'of 
the solution gives no cotou^ with ferrous sulphate. The whole is cooled, 
the liquid poured from the precipitate,' neutralised with sodium car- 
bon(tte,.and°taken to dryness^ Extraction with WatyA, filtration from^ 
the insoluble iro'i compounds, and crystallisation from the clear aqueous 
solutjpn yields, the salt<n ruby-coloured,'rhombic prisms. .The reactions 
involved ma£*bv represt ntt'd as followc ;•— H 

1 2K^e((:N'),+8HNO s =2K s Fe(CN),+2KN0 3 +H 2 0+HN0,. ’» 

2 K 3 Fe(CN) 6 h8H^r0 2 =2K 2 fFe(CN) s N0]+2K€N-fH 2 0-fHN0 a . 

' K 2 [Fc(CN) 5 NO] +Nit 2 C0 3 =l5a|{Fc(CN) 5 lti , 0] -f K,C0 8 . 

1 Hofmann, Amoldi, aid Hiendlmaier, Annalei% 1J07, 352, 64. 4 

1 Mesener, Zeitfch, anozg. Uhem., 1896,9^136. • ^ « 

8 For the nomenclature of these subsfcanoee see Hofmann. Annalei\. 1903, 312 , i. * 

• Playfatf, Phil Mty., 1850, (3), 36, 197, 271, 348. 

• Playfair, Annalh, 1852, 74, 317 ; Kyd, <Wd, 3*0. f ^ * < • * 
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AnotKei^method } consists in dissolving 84 •S grams of sodium nitrate 
in 150 grams of water at V 0 ° C., and mixm'g with 216 grams of sodium 
hydrogen sulphite and a solution of 82 granjs of potassium ferricyanidc 
in 250 grams of water* also at 70° C. The mijtu.eis boiled until evolu¬ 
tion of gas ceases add thj'eoolcd liquid mixed with 5A grams of sodium 
hydrogen sulphite. ^The deep redjiquid deposits,ervstals of sodium 
nitroprussidc. . , • 

When potassium fcrrypyamd*-js warnujd with a solution ot bleaching* 
powder to 70° ,C.*a considerable evolution of gas take* place, and a 
reddish deposit, of fetyie oxide and calcium carbonate i$ formci^, The 
filtered solution* is •concent rated and.the |K)tassium ni^-opnAside 

• extracted with alcohol, and converted into the insoluble copper salt by 

addition of cupric chloride. . This latter is decomposed with sodium 
hydroxide, yielding the sodium salt, t*hioh may Is- further purified by 
dissolving in a little water, addition of alcohol, and subsequent evapora¬ 
tion after*filtering off any insoluble material . 2 .ThcVoii.vOVxPVm to be 
assigned to sodium mitropriTsside in particular, Imd lienee to nitro- 
prussides in general, has been a. subject, of debate. Browning’s* 
Sprnmla is :— . 

* ••,('! N 

• n : rv 

N : O 

• , Ll ‘ C : NSa 

• . n : c< ! 

. 0 : NNn, 


CN 


whilst Friend 4 suggests 

CN 

* / 1 \ /I ' 

•*«-- NftCN | .CN CN, i ONNa 

. j !■> / I i ' I 

NaCN I NO—ON CNNa 


CN 


CN 


in harmony with his shell theory of eornpK^t salts.* From a f-ogibifiefl 
study of the electric conductivity in dilute aqueous sqjution and the 
depression of the freezing-point in water, it has been eoncludec^thnt the 
salt under these conditions yields tin.following ions : , * m 

, * Na', Na’, and Fe(('N) 6 \'0". , 

The suggestion is therefore made that the salt is* more correctly 
represented by the single fornjula, \a 2 | Fc((iN')^NOJ, than by the double 
formula 5 given gboye. In order to harmonise the double <^yc4ie formula 
* with this, it is rflerely necessary to assume that the flouble negative 
radicle [Fe(CN)jNO] a "" itself, dissociates inti; two F»-fCN) s NO" iods 
in solution. * . * • m 

. This assumption has Its fiArallet in tfie case ,of •tnphcnylrtiethyl, 
•C(C,H # ) a , which in solution has the simple Tornftila, fiut is regarded'as 
associated in the solid condition to hexapht-nyl cthaRitf ((' 9 H 6 ),(V~ 

• • * * 

• 

1 Prudhomme, Compt. rend., 1890, in, 45. 

• Jenafcn, J. Pharm) I885\(f0» II, 315. 

, * ftroWmng, Trans. Chem. hoc., 190U, 77 , 1238. 

4 Friend, ibid., 191(t, 109 , 721. 

• Borrows and Turner, ibid., 1919, 115 * 1429 . # w • 

• 'ftchitecbibabir^iSer., \fi05, 38 , 771; Piccard, AnnaUn, 1911, 3 ^ 1 , 347. 




230 IRON AND ITS COMBOUNDS. , ; * 

Further, a study of the deljydration of the solid sodium s4lt°supports 
the suggestion that the salt has the double formula 1 [Na 2 Fe(CN) 3 N01 s . 
4H 2 0, for its complete dehydration is a matter of some difficulty, tne 
last molecule of wat'er clinging tenaciously to the salt.. If the single 
formula, Nn 2 Fg(CN) 6 N0.2H 2 0, he assumed, it js necessary to postulate 
the existence of half a molecule of water. ' , 

Properties .—An aquedtis solution of sodium nitroprusside deposits 
'Prussian blue on exposure to light. In,the-presence of alkali sulphides— 
as, for example’ ammonium sulphide—it yields a bpautiful purple 
colour,,which h very characteristic, and so sensitive that the presence 
of 0‘()000(fl 8 gram of hydrogen sulphide in 0-004 c.c. can easily be 
detected. 2 'Ammonium hydroxide does not Hinder the colour formation,»• 
but caustic alkalies destroy it. It gradually fades on standing, in con¬ 
sequence of oxidation of the sulphide to sulphite. The composition of 
the purple'swbstanee is uncertain, but. Hofmann 3 suggests the formula 
Na 3 [Fc(CN) 5 (0 : N.SNp)], since, by the action of thio-nrea, CS(NH 2 ) 2 , 
upon sodium nitroprusside, he obtained the «complex derivative 
Na 3 [Fc(CN) 6 (0 : N.SCN1I.NH 2 )], as a' carmine - red powder, closely 
similar to the substance under discussion. 4 , , 

Hydrochloric acid decomposes ' sodium nitrbprussidc, yielding 
hydrogen cyanide and ferric chloride. Tim ferric chloride then reacts 
with excess of the nitroprusside to form ferric nitroprusside. 5 t 

Concentrated* sulphuric acid decomposes the salt, bvPthe reactions 
involved are very complex.® In part Ihey appear to proceed as 
follows :— 

2Na 2 Fe(CN) 6 NO + 7II 2 S0 4 + 5H 2 0 =2II(N0)S0 4 + NallSO, t 

+ NH,HSO, + FeSO, .. 

+2(NH 4 ) 2 S0 4 

+5CO-f-Na 3 Fc(CN) 6 . 

The pelitaeyanide derivative unites with the carbon monoxide to 
yjc(d sod him carbonyl fen-oeyapide, Na 3 [Fti(ClJl) 5 .CO|, which again 
interacts “with the ‘ferrous Sulphate U- yield the ferrous derivative, 
Fe 3 [Fc(CN) 3 CO| 3 , eharaeferised by its violet colour (see p. 232). 

Neuthd potassium permanganate is without action on the salt. 
Sodium amalgam 7 reduces ft to*'sodium forrocyanidt and ammonia. 
Thus m 1 * 

12Na 2 [Ft'(CH) 3 JUO]-t-16Na^54ll 

. t=lt)Na 4 Fe(CN) 6 412NH 3 -f Fe 2 0 3 +9H 2 0. 

RfduethoK in neutral solution with a, zinc-coppsr esuple causes the 
eyolutioii of nitrogen. In acid, solution (dilute sulphuric) sodium * 
amalgam causes She forpiation of Prussian blue. 

Soiiiim hydroxide splutjon converts the salt into tne nitrito de¬ 
rivative, Na 4 [Fe\CK) 5 .NO 2 ]10H 2 (J (set *p. v 284), whilst ammonium 

I • • 

% l Quaro 8 chi, v /lh» Accad. •feci. Torinb, 1015, 50 , 88 ^ * 

Koiohtf.rd, Zeitsch. anal. Chan., 19^ 43 . 222 . 

* Hofmann, Annalen, 1900, 312 , 1. * * 

*■ 4 Peroirk, casing potassium sulphide in metanol, obtained a violet, hygroscojfll? pre¬ 
cipitate, readily oxidised in air, to which he gave*tha formlda Nft,Fe(CN) ft .K 4 S f .211,0 
(,4woh Fi«. Quim., \915, 13 ,*27, *69). % * 4 

6 Bhadui^ Ztitsch. anorg. Chetn., 1913, 84 , 95. t* • 

• Pereirfc, "Anal Fis'Quim., 1915, 13 , *06. Compare also Bhaduri, he. cit. 

1 Bhaduri, loc. cit.' * * 
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hydi'oxiae'yields, %t 0° t., the ammoniate Na a [Fe(CN) 5 .NH s ], and at 
the ordinary temperature N a ,1NII 4 ) [ Fe (C N) 5 . N11 3 ] (see p. 284). 

Wlien .heated to 440° C. in a .vacuum, sodium nitroprusside decom¬ 
pose, evolving nitrit oxide and cyanogen. 7 * 

Sodium nitropfussb^i-'is a convciycnt rengint tp use in preparing 
nitroprussides of the heavy metals, such ift copper and nickel, which, 
yield insoluble, liitrijpyissides, unci may therefore he estimated volu- 
metrieally in this mamyr by ^ration. losing sodium sulphide as indU 
cator.* In this fonnccfton.it is well to note that solutions of sodium 
nitroprusside may tjc preserved for months unnlteVcd^f stored in the 
dark in a bottle*of tftm-alknlinc glass, ^•traeuof sulphuric acid gteatly 

• enhances the stability of Ihe solution against the effect of.Iight and of 
alkali from glass. 3 Light rapidly induces decomposition. 4 

The di-mnmmiatr, \a, Fe( (' X) -. N 8i 2 XII. has been prepared. 6 < 

Ammonium oitropnisside, (Nil,),|Fr(('N) r> NO|. obtaiipfl by decom¬ 
posing tile barium salt with ammonium sulplmtj', crystallises in reddish 
plates* which are readily soft hie in wat?r. r • 

Barium nitroprusside, Ua|Vi(tiN) r ,NO]3lIj(), is prepared by precipi¬ 
tating a solution gf the sodium.salt with zinc sulphate and boiling the 
zinc salt thus obtained with a suspension of precipitated barium 
carbonate. The filtered so^iftion of the barium salt is evaporated under 
reduced pressure, and the salt crystallised from alcohol. 6 

Cobalt ntt<ip1)russide, C'o|Fc(('X),XO). obtained by double decom¬ 
position of a soluble cobalt sail will) sodium nitroprusside, is a*rcd suit, 
possessing an appreciable solubility m*\\ater. It dissolves in acids, but 
is insoluble in potassium hydroxide or ammonia solution. This latter 
property enables it, to be separated from the corresponding nickel salt, 
whisk wadily dissolves in ammonia. 7 

Nickel nitroprusside, Xi|Fe(('N ) 5 XC |. obtained in a similar manner to 
the preceding salt," is dark green when anhydrous#but upon iXposure 
to moist air becomes ashen grey. It is insoluble in'ieids, fmt readily 
disjolvcs in ammonia tea brownish yellow liquid. Potassium hydroxide 
tufns it lemon-yellow. , ’ / • * # * * 

Potassium nitroprusside, K 2 |Fe(('N) s N(>|, may be t obfained by the, 

interaction of a ferrous salt with the nitrile and cyanide of pytash :. 9 

5KCN | 2PeS0 4 | KN() 2 4 1I 2 0* * . . * 

. * =K,[Fr(CN).lfO] t Fc(OII), | 2K 2 S0 4 , 

or (5y the action of pol’issium nitrite on fcrycyaiydcs*ut 100" 

A convenient method consists in ckrogipAsin/r the biwiuin salt with 
the Calculated amount of potassium sulphate, and, after.filtcring off 
the insoluble Wium sulphafe, evaporating at low tmnfieratur# under 
reduced pressure. The residue is* purified by recitalI isat ion fit>m 
95 per cent.alcohol, wheif \\ separates as pale jfink, anhydrous crystals. 11 

• 1 Etard and B 6 mont, Compt. reh/1*, 1884, 99 , 072, 1024. # * * 

* Zuccari, Ann. Ckitn. Amtlicala, f914, 2 , 287 ; HHJk 3 , 277 ; TiolL ('him. Farm.; *1914, 

53,321. % # * Zuccar^ /or. ttt. # 

4 Eder, MonaUh., 1885,6,495. # • 

• 5 Poters, Zeitsch. anorg. 1912, 77 , 137. 

^•Burrows and Turner, Trans. Ckem. Soc., 1919,1X5, 1429. , • 

7 Zucc&rt, Ann. Chim.*AppU&it$, 1915, 3 , 277 ; Cav{|lli ,*GazzeUa t 1897, 27 , » 95. 

* Cafalli,*toe. cit. ; Zuccari, loc. cil. • 1 * 

* Stadeler, Annalen, 1109, 151 , 1. 

10 Prudhomma, Compt. rend., 1890, III, 49. 

11 Buftftwe and Tifr^fr, loc. At. 
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Carbonyl Penta-Cyanoferriks or Carhnyl Penta-’ferrmjanMes, ' 
t M 3 [Fe(CN) 5 CO], ‘ 

Addition of ferric'chloride to certain liquors produced, in the manu¬ 
facture of Prussian filuc in a Frencji factory by 1 the methylamine method 
t (see p. 213) resuftcd in the precipitation of a violet compound. 1 - Several 
hundred grams of tins were isolated Gy Midler, warmed with potassium 
carbonate aftd hydroxide successively, ip),d <thc filtered solution allowed 
to crystallise. Tile product tluis isolated crystallised in thin scales and 
rectangular prisms, and proved to be the polassiurp salt of an entirely 
now ‘acid, namely hydrogen „carbonyl ferrocyanide , H 3 Fc(CN) 6 .CO. 
Following up this discovery. Muller succeeded in preparing a series of. 
well-defined salts. 

Constitution. —The ,constitution 1 (o be assigned to these derivatives 
depends vep/jargely upon the views accepted for tlus constitution of 
ferrocyanides in geueral. The carbonyl groiqi clearly replaces ft C : NH 
group in the ferrocyanide molecule, or. regarded from, another standpoint, 
divalent oxygen replaces the divaleijt Nil group without effecting any 
alteration in the carbon nucleus of the molecule. Adopting his cyclic, 
formula (see p. 203) for ferroeyanie acid, Friedel a fheiefore suggests the 
following graphical representation of the ehquge :— 
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> (ferrocyanide) (carbonyl ferrocyanide). 

Hydrogel carbonyl ferrocyanide, or carbonyl ferroeyanie add, 
IIJFe(CN)j.CO|H 2 0, is obtained 11 pv the action of hydrogen sulpladc 
on the copper salt in solution. Upon evaporation in the dark over 
ootassium hydroxide, the heid separates in colourless tubular crystals, 
lit is acid to litmus, and is sufficiently powerful to decompose alkali 
’arbor at es. , • 

The heat of combusting of carbonyl ferroeyanie acid is 809,800 
talorics, the products being, nitrogt n, carbon dioxide, water, and f«rie 
>xidc . 4 The heat of formation of the anhydrous acid is —48,600 
talories 5 ; the acid is thus ItVss strongly endothermic than ferroeyanie 
tcid ( v 122(000 yplories). 0 * 

JSarlum carbonyl ferrocyanide, Pa 3 fFc(CN) t .CO].jlitl,0, is readily 
jrepared by decomposing,the copper salt with»a soluble barjum salt, or 
>y neutralising, free «.cid with, barium hydroxide. It loses 10 
nofecules of water at 19° ,C. in vacuo , and becomes anhydrous at 
80® C. The beets of solujion are : —* * 

' [BaJ Fc(rN)jCO],l ; | - Aq. ^KaJ Fe(CN)A>l a Aq. +16,900 calories, 
[Ba 3 [Fe(CN) s 0O] a l 1 lI a O j ) A*]. — Ba 3 [Fe((’N) 5 CO] 2 Aq. — 6,900 calojjfs* 


1 J. A. Muller, Covt}K. rend., 1887, 104 , 994. * 0 a * 

* Friedel, ibid., 1887* 104 , 995. . • ‘ 

* Muller, Ann. Chitn. Phy«., 1889, (0), 17 , 95. 4 

4 Mulfefl, Compt. tend., 1906, 14 2 , 1^16. 6 Muller, loc. ciL 

* Mailer, Bull. Soc. chim., 1914 , ( 4 ), 15 , 491 . - t,* v ‘ 
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whe*oe *thfe heat of hydration- of the anhydrous salt is 28,800 calories 
at 17-5° C. • * * 

Copper carbonyl ferrocyanide, Cu s [Fe£t'N) 5 .CO| 2 , is obtained 1 by 
double decomposition in aqueous solution of popper sulphate and potas¬ 
sium carbonyl ferfbeyagicle. It forms as a yellowish green gelatinous 
precipitate, •whit'h i^ insoluble iir ejilute nitric o» sulphuric acid, and* 
which becomes an anhydrous dark brown poVder at 111)'* (,. 

Ferric carbonyl ferrpcyankfe Fc|Fc«j|N) 5 (’C>|. is pj-cpnrcd by doublf 
decomposition,of*an cxdtsssif ferric chloride solution aiftl the potassium 
salt . 1 It rcsemblosljjidigo in appcaranccaml contanp>#bout t per cent, 
of combined wiiteif 2 l)ricd at a moderate Semperature.«it yields a 

• •■friable resinous mass with a brilliant conolmidal fracture.'• 

Potassium carbonyl ferrocyanide, 2 K ;1 11<V( ('N) 5 (i )|.711 2 0The 
discovery and early preparation of tff*i salt have already bc^n described* 
(see p. 282). It*may be prepared in tile laboratory by passing moist 
carbon monoxide over potassium ferroe^yanidc id l.'ifl" C. Thus 3 

k,Fc(CX),+tVi 211,0* K^Fe(CN) s .('<) i Nil, + II.COOK. 

,It crystallises in tl,jn scales nml.rectanguliir prisms. 100 parts of water 
at 18° C. dissolve 118 partstif tin- salt . 1 

The salt is more stable tljifn potassium ferrocyanide towards oxidising 

n media, being unaffected bv potassium persulphate, and but slightly 
oxidised by 4 >er?nanganatc or ozone in the absence sulphuric acid . 5 
The salt become!* anhydrous at. 120 C. The heats of solution are as 
follow :— 6 , 

[K a Fe(('N),CO|-l A<p- K a Fc(CN) 6 CO.Aq. C. 200 *ealories, 
SJK 3 (Fc{CN) 5 CO)7II 2 OJ +Aq.- 2 K,Fe(t N) 5 C().A<|. - 21.800 calories,,, 

whence the heat «f hydration of the anhydrous salt is 5700 calories 
at 18° V. . * 

Chlorine appears to oxidise the salt to an unstable enibonyl ferri- 
cyayide. Prolonged exposure to chlormi' results in the I'ormutiqn y>f 
poRissium ferrieyanifle . 7 , * * * * • 

Silver carbonyl ferrocyanide, Ag ;l |Fe((’N)J('()]. is obtained asa white 
curdy precipitate on addition of the potassium salt to silver nitrate 
solution in the presence of'aeetie arid . 1 *if rapidly ijafkcus even.when 
protacted from the light. Insoluble in boiling acetic acid, it is slightly 
iolufcle in dilute mineral acids evolv^ig hydrogen cyefiidc. Potassium 
hydroxide liberates silver oxide, potassium cta'boiTVI ferrocyanide being 
simultaneously produced. • 1 

Sodium casbonyl ferrocyanide, Na 3 [Fc(('\) 1 > CO].7jI l O, 'is oljfained 

* in a similar lijanner to the potassiirtn salt. It crystallises in pglc 
yellow momjciinic needles;, which become anhydrous rit 110° C. 

The heats of solution are as follow 1 , 

»> 4 • » *> ‘it 

«* [Na s Fe(CN) 6 .CO] -1 Afj. «Na s Fe(CN^jCO^Vcf. -f 4800 caloric*, 

[Na 3 Fc(CN) 6 C0.7l^(il f Aq. -Xn,Kc(CNV & (‘O.A <; , -'>,>00 calorie* 

* U ^ 1 

* 1 Muller, Ann. Chim. Pky*.?\$M, (0), 17 , 93. 

*\Stoecker, Chem. Zentr., 1004, 1 ., 1400, from ./. OonbrUnchtuntj, 1004, 47, 338. 0 

3 See alwcLecocq, Hull* Soc. fjiifh. Bely., 1011, 25 , 72 ; !■' Smith, das World , 1903, 39 , 

55 ; Stoefiker^y. Gwibdcuchlung, 1904, p. $18. • \ , 

4 Muller, Compt. rend .,A 887, 104 , 994. » 

* Muller, Bull. Soc. chim., 1903, (3), 29 , 11*8. 6 ' 

« Mulish ibid., 19W^A), 15,4!) 1. 1 Muller, ibid., 190l), (3), 29, 1101. 
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whence the heat of hydration of the anhydrous 
at 15'9° C. ** * . 


salt is 12,800‘calories 


Strontium carbonyl Jerrpcyanide,.Sr 3 [Fe(CN) 5 C0J 2 .4H 2 0, may be 

prepared in a similar manner to the barium salt, ft is a yellow hygro¬ 
scopic powder, t which becomes anhydrous at*^00 o, C. The heats of 
solution arc as follow :— 1 * # < • ■ • 

fSr 3 (Fc(CN) 5 CO) 2 ] -*Aq.=Sr 3 (Fe(CN) ( COf 4 .Aq. (09,900 calories, 
/Sr 3 (Fe(CIV) 6 COJ 2 .dfI, i O)J -f Aq. v =Sr 3 (Fcf( , N) (5 C(/) 2 .Aq.if32 > 400 calorics, 

whence the hcaf,o£ hydration *,/’ the anhydrous sa[f at 13-3° C. is 7500 
calorics. f • •. * * 

Uranyl oarbonyl ferrocyanide, (U0 2 ) 3 [l i *c(CN) 6 C0] 2 5II 2 0, is ob-<». 
tamed 2 as an orange-yellow gelatinous «precipitate on adding the 
•potassium salt to uranium nitratf'. At 70° C. it becomes red, but 
acquires t.he%ellow colour again on powdering. 

Potassium calcium .carbonyl ferrocyanide, CaK.Fe(CN) s .C0.5H 2 0, 
has been obtained as s*traw-eoloured crystals." < "■ 


Nitrito PcnUt-Cyanoferritets or Nifrito,Pentn-l<'efriicy(iin<te«. 
M 4 [Fe(CN) s .NO # |. 

When aqueous sodium nitroprusside solution is treated with sodium 
hydroxide, the quaternary nitrito sodium salt, Na 4 | Fe(Cl^)i(NO 2 ]10lI 2 O, 
is obtained . 4 It crystallises in yellowish red monosymulct l ie tablets, 
and is very soluble in water, yielding a dark reel coloration with 
ammonium sulphide. ’ 

When sodium hydroxide is allowed to react on a solution of sodivm 
nitroprusside in methyl alcohol, the monohydrated 6 salt is oidaiwtd. 
Thus 

Na a Vo(C N) 5 . Nth ‘ 2 11.0 ( 2 Nn() 11 - Na, Ke( C N ) 6 . N<) 2 .11 2 0 ,f 211 2 (). 

With ])otassium hydroxide the double sodium potassium mono- 
hjWr 6 te<l salt, Na^K^ Kc(l'N\\0 2 1.11.0, is obtained. '• 

The silver salt, Ag 1 [Fe(CN) 6 .N0 2 ]2il 2 6, and alkyl nitroso derivatives 
‘have also been' obtained , 4 and numerous other complex salts are 

described.® « 

«* 


Ammino Penta-Cyanoferrites <Vj- Ammonia Pvnta J i<'erroryanides, 

‘ *M^[Kc(CN) s .NIIjJ. 

Sodium anjmonio ferrocyanide, Nn 3 Fe(l'N) 6 .NII 4 , is obtained when 
ammotiium hydroxide is allowed.to act at'O 0 C. on a solution of sodium 
nifroprussidc in wjethyl alcohol.* * c 

II the reaction is allowed to proceed at. the ordinary temperature, 
th» sodium ahfnionlum 8 salt, Naj(NHj)^FefCN) 5 .NH 3 ], is obtained.. 
Thus 4 * . ‘ * e 

■ Na 2 Fe(CN); i fon-3NIl/|Ii 2 O^Na 2 (NH 4 )F.(C'N) 6 ^II 3 +NU 4 NO i . 


1 MulK Bull. floe, ehim., fl>14, (4). 15. 491. 

> Muller, ,4«». Chin.. Phyt>„ 1889, («). 17, 91* 

1 Leoooq. Bull. Soc.^rMtk. Belg. t 1911. 25 , 72. ' - - 

• Hofenann,‘.4n»aJr», 1900, 312, 1; Zeitueh. anorg. Cfcsm., 1896,11, 278. 
1 JPensrts AnalM'it. Quim., 1915.H3, 144. 

• Hofmann, loi. fit.; Pereiri, Anal. Fit. Quim« 1916, ^4,M44, 166. • « 
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• . * ' 

' Aquo Penta-Cyarwfnjrites ot^quq Penta-Ferrocyanides, 

• M 3 [Fe(CN) s .H,0]. % 

Potassium aquoTerrocyaqlde’ K 3 Fe(C$L.H £ {?, is obtained by reduc¬ 
ing" potassium aquo pcnta-ferricyanide, K 2 Fc(CN) 4 .II»0, with alkaline 
hydroxylanjine^chloridb, with nlkalj sulphide, with formaldehyde 
and acetone in the pr&eneo of allfall 1 • 

Sodium aquo ferrocyanidj, 2 Na 3 Fc(J'N) 5 .II.,0. results when sodium 
nitroprusside reacts with liydroxylamine’ctc., or when the salt is oxidised 
by potassium liypqbromite or hydrogen peroxide. * # , 

• * .*•'«* 

•. Aquo Penta-Cya noferrates or A quo Pcnla-Ferrieyumdesf 

4 jJ 3 [Fo(CN) 5 .lI 2 0|. 

Potassium aquo ferricyanide, K,,TV(C'N) v H./), is obtained by the 
pCplongid" aetiitn of chlorine upon potassium fcrjocyifnidc solution. 
At first potassium ferricyanide is formed, vrijich undergoes further 
decomposition, theVfllorinc abstracting one (CN) group, water taking 
its place. Thus: 1 * 

* 2k,Fc((:N),-|-tV --2K,Fc(CN) i +2KCI, 

followed by • 

K 3 Fc(CNJ, | t‘l 3 —K 3 Fe(CN),,C1 T t’N.Cl. 

. K%Fc((.'N) s Cl-|-II 2 0—K 2 Fe(CN)j.II s Od-JICl. 

• • 

The same salt* is produced by the action of a mixed solution of sodium 
chlorate and hydrochloric acid upon potassium ferroeyanide. 

The solution is intensely violet, but the salt is readily precipitated by 
utfclition of alcohol. Reduction with alkaline hydroxylaminc chloride 
sdiutiott yields potassium aquo penta-ferrocyanlde, K.,Fc(('N) 5 .H 2 0, 
whilst with alkaline potassium sulphite the sulphito penta-ferrocyanlde. 
K 6 Fe(CN)aS0 3 , is obtained. * . * 

In earlier literature this salt is referred to as potassfam perferri- 
cyanide, the formula, K 2 Fe(CN)„, lying ascribed to it. 3 , , . 

‘Sodium aquo penta-ferricyanide, *’‘N;i,Fc(('*N'J!'.It,(), is* readily 
obtained 2 by the action of nitrous acid or brominc»water upon the 
corresponding ferrite, Na : ,Fe(l’N) r ,.H £ 0. , • 

• * • * 

• Sulphito Penta-Cyanoferrites o? Sulphito Ppita- 

• Fetfocyaaides, Mj[Fc(CN) 6 .SO,]. • 

'Potassium sulphito feiyocyanlde, K$FefCN) 6 .S0 3 , fs obtained by 
reduction of ijotasjsium aquo,ferricyanide, K 3 Fe(CN) 6 .H 4 0* witi^exccsi 
of potassium stdphite in potassium hydroxide. 1 It*erystaiiiscs fron 
aqueous alcohol in small^yeUpw prisms. ,, • * 

* • " 0 > 
Ferrous thiocyanate,•Fe^Th,'S) 2 .8H 2 (),*is dbtaincih ITyf dissolving jroi 
’ in an aqueous solution of the free acid. "It cry&tidlises in monoelinii 
prisms, and is readily fixidised by exposure *> air. 4 , '/ , 

Ferric thiocyanate, Fc(CNS) 3 .flJI?0, may .be prepared by* dissolrinf 
ferric hydroxide in aqueous thioeyanic acid, as also by metathetjeq 

1 Cambif Qazzetta, 19U, 41 , 4 . W>7. • 

* Hdfmaftn, Annalen, 1900, 312, l; Zfitech. anorg. Vhem. % 1896*11, 278. • 

* See Bong,»J. Chem.tSoc., 1876, 29, 907 ; Pamnier, Hnndbuch der anorg. Chem., 3 

378 ; Moisten, Traile de Ckimie Minirale , 19^5, 4 , 417. * * • 

4 Oa%f, Annalen* 99. f *9- 
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decomposition of a ferrous salt and potassium .thiocyaifafe- 1 • It 
crystallises in cubes, deep red in colour, which slowly dissolve in water, 
yielding an intensely red solution. The formation^ of this red colour 
constitutes a delicate 'methpd of detecting the presence ,of traces, of 
ferric iron (see p. 242). , ‘ • 

c In very dilute solution the intensity of colour produced is not quite, 
proportional to the amount of iron present—indeed, the.more concen¬ 
trated solution becomes decolorised on dilution, /is also by addition of 
oxalates, tartrates, etc. The decoloration on dilution is usually 
explained on (he, assumption that the water hydrolyses the red un- 
dissociatcd salt into yellow colloidal ferric hydroxide and free thio- 
cyanic acid : 

2 Fc(CNS) 3 1 -:sH 2 0e=r‘2Fe(OIl),, t 6IICNS. 

f* 

The effect *f the organic acids is attributed to their union with the 
iron ions of the dissociated ferric thiocyanate, thereby displacing the 
equilibrium 1 ‘ 

Fe’"4 8 CNS'^=Fc(CNS) 3 

in the direction of right, to left- that is, reducing the concentration of the 
undissociated coloured salt. 2 

A modification of this view lies in the'theory that the coloured 
compound is the qndissociated double salt 1 Fe(CNS) 5 .!)KCNS, and not 
simply the simple undissociated molecule Fe^CNS) a . This is apparently 
supported by the observation that, a maximum coloration is produced, 
salve in very dilute solutions, with twelve molecules of potassium thio¬ 
cyanate to one of ferric chloride. Thus 

Fet lj-f 12KCNS =Fc(CNS) s .9KCNS f 3KC1. . •• - 

' In dilute solution even more potassium thiocyanate is required, no 
doubt on nhepunt of dissociation, us explained above. 

Tarugi,* on the other hand, attributes the colour to the formation 
of "Tctrovts ‘-peroxjv tUocyam\\, acid, FeH(CNOS) 3 , according to the 
Reversible reaction :— 

I2FcCI 3 +0KClvl.S f-0lI 2 O=2FeII(('NOS) : ,f 6KCl + 10FeCl 2 +10HCl. 

The free acid, lt 3 (('NOS) 3 as well as its acid salts, have a red colour. 
The decolorising Influence of oxalates, etc., is attributable to their con¬ 
verting the acid or its aeic^ milts into colourless normal salts. # 

This theory* however, hasonot, met with a wide acceptance. 

Ferric.tlfiooyanate solution gradually loses its intensity of colour 
When kept; a reduction of the iron from the ferric to the ferrous condi¬ 
tion being observable. 5 , f ( 

4* * * 11 

1 ^jlau8^Ioc. tit . c r - ' , . u 

1 Bongiovanni, BollaCh i.». Farm., 1911, 50, 694 ; Oazzetia, 1908, 38, ii. 5, 299 ; 1907, 
37,1. 472 J Rosenheim and Cohn, J eitqch. atwrg. Ch an., 1901, 77 , 280 ; Magnanini, Zeitech. 
phyei'xil. Chem., 18s 1 , 8, 1. See also bey, Zeitech. phgeikal Chem., 1899, 30, 193 ; Glad¬ 
stone, Chem. 11 cm, 1893, 67 , 1 ; Vernon, Ibid., 1893, 67 , (ifl ; 1892, 66 , 177, 191, 202, 214 ; 
Sohultse, Chem. Zeii., 1893, 17, 2 ; Riban, Bull. Soe. chitn., 1892, (3), 6 , 916; TatJook, 
a. 80 c. Chem. / r.d., 1887, 6 , 276, 352 ; Shilton, Chem. Xewe, 1884, 50, 234 : H. Werher, 

‘ Zeitech. anal Chem., 1883, 22 , Vl I)upr6, Chem. Nem»iVf5, 32,15 ; Pelouse, dan Chim. 
Phge., 1830, (1), 44,2)4. ' ' '* ' 1 

• KtOss and*Moraht, Ber., 1889, 22 , 2084, 2061; Zeiteeh. anerg. Chem„ 1892,1, 369, 

• TarugS Gazzs.Ua, 1904, 34, ii. 326. 1 

• Stokes and Cain, J. Amer. Chem, See., 1907, 29 ,412. 1 . .. 
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• • 

. 111 ® enact course df this reduction is uncertain, but the carbon 
of tlic acid radide is pxidised to carlJon dioxide and the sulphur to 
sulphuric acid. The equation might therefore be written as :— 

. 8Fe(CNS) a +6H > 0=8Fd(CNS) J +7HCMS+cb il J H„S0 4 +NH s . 

This equation, however, postulates the production of more antinomy 
than is actuajly foftnfl, by about* 5fl per cent. The nitrogen therefore 
appears only partly a*s amuiorya, and qo definite information has bean 
' obtained as to the product.or’produets into which the semaining portion 
of the element is converted. 1 , t , 

The beautiful colour of the amethyst is thought to be^lue tf> ferric 
, thiocyanate, and this is sflpported by the fact that, on heating, t.hu colour 
of the stone becomes yellow, its absorption spectrum now closely 
resembling that of ferric oxide or»^i ferric compound. The calcined 
stone closely resembles the natural citrine, which latter nfey have been 
obtained in an analogous manner from the amethyst through natural m 
agensies. 2 , , • * • 

Fc(CNS),,.9KC\S.4lI 2 () is obtained 3 by dissolving freshly preci¬ 
pitated ferric hydroxide in .thioeyanie acid, adding the requisite, 
quantity of potaSsiunt thiocyanate, and concentrating over sulphuric 
acid. The salt yields dark*red rhombic prisms, with a greenish reflex. 

It is fairly stable, but slowly deliquesces upon exposure to moist air. 
Its solution ip* pure water is stable, but traces of t leetrolytes induce 
decomposition. , The corresponding ammonium, sodium, litHium, and 
caesium salts have been prepared. * 

The anhydfous salt, Fe(0NS) a .3KCNS, has been obtained, and'is 
described below. 

» • 

Ferro lleaathioayanates or Herathiocyamferrites , M 4 Fe(CNS) 0 ntHjO. # 

Sodium ferrothiocyanate, Na 4 Fe(CNS) 6 .12H a O* is predated by dis¬ 
solving ferrous carbonate in thioeyanie acid and adding sodium thio¬ 
cyanate. 4 'JL'hc salt crystallises in’colouclcss tablet^whielsajc soluble 
in water, as also in alcohol, yielding bright pose-coloured solutions. 

Ferri Heratiiiocyanai.es or licxaihjacyaijtferrates, M 3 Fe(CN.?) e .|H a O. 

Sodium ferrithiocyanate, Na 3 Fe(CNS) 0 fl2H 2 O, is formed by allowing 
*a mixed solution Of sodium and fcft-ic thioeyanatesrto crystallise over 
sulphuric acid. 4 It crystallises in dark gtten nexagopal or rhlmbic 
crystals. These dissolve m water to II deep red solution, and are 
partially decomposed. In alcohol a violet solution,is*obtqhuii, from 
which the salt may be rccrystallissd Unchanged. . . 

The po|pssium salt, «KjNe(CNS) # , is obtained hf dissolving freshly 
, precipitated ferric hydrqxitjp jn thyicyanic asid and ^tiding th(;TeqqLsite 
quantity of potassium thiocyanate. 6 Thu solution ts concentrate^ over 
sulphuric acid, when the salt’separates out\i sma ll hexagonal crystals. 
The aqueous solution possesses aii^ intensely red colour 

4 Philip and Bramley, Tram. Ckem. Sac., 1913 ,^ 03 , 795. % 

* Nabl >f Wono^ft., 1899, 20 . 27^. . • • 

* Kaaaa#nd Moraht, Ber., M89, 22 , ^M31 ; AnnaUJi , 1890, 260 . 206. See alao Wflla, 
Ann. Chem. </., 1902, 2 ^ 245. 

4 Rosenheim and Cohn, Zeitoch. anorg. Chtm., 1901, 27 , 28#. 1 

* Ki«sb and Moraht, Bn., h889, 23 . 2061. 
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IRON, AND SILICON. 

• 

When heated together, ii;on absorbs silicon, even at temperatures 
considerably below 95t)° C.„* a silicide or silicides being produced accord¬ 
ing to circumstapcc*. r < 

, Iron silicides hu- K in go Acral, hard and brittle, thus forming good 
abrasives. They are white or grey in colour, qnd may take a good 
polish. Unattacked by air and water, they'arc hut slowly decomposed 
by acids, except iiydrolluoric, which readily dissolves them. In general 
their density fall? with rise of silicon content. 

The freezing-point cuaves of,alloys of iron and klicon 2 indicate the 
existence of two silicides of iron, namely, th c'subsilicide, Fe 2 Si, and the , 
monosilicide, FcSi; and Jouve regards these as the only two definite 
Silicides that exist . 3 A study of.'the density curves of solutions of 
silicon in irAiy* suggests the possible existence of Fe 2 Si, FcSi, FeSi 2 , 
Fe a Si 3 , Fe 3 Si 2 , and' Fe^Si,. Of these the disilicide , 6 and thd triferro 
disilicide, Fc 3 .Si 2 , 8 are claimed as having bc<M isolated, but the evidence 
is not conclusive. A triferro silicide, Fc 3 Si, is described by Naske . 7 

• Dlferro silicide or Iron subsilicide, Fe 2 Si, is the form in which , 
silicon occurs in cast iron, and may be olrtainfti 8 in several ways: namely, 
( 1 ) by heating iron in a porcelain dish briisjqued with silicon ; ( 2 ) by 
heating iron with 10 per cent, of silicon in an electric furnace ; and (3) 
by similarly heating ferric oxide with excess of silicon. *, e 

It may also be prepared by heating iron in silicon tetrachloride 
vppour at 1100 ° C. ‘ 

0 ' SiCl 4 + 4Fe=Fc ! Si+2FcCI 2 , 

% 

or by heating iron and copper silicide containing 10 per cent, of silicon ? -0 

( Diferro silicide, as obtained by these methods, occurs as small 
prismatic crystals, possessed of metallic lustre, magnetic, and of density 
7'00 at 22 Sj ;!'. Ilydrogcn fluoride attacks it readily, and'aqua regia 
decomposes it, yielding silica and ferric chloride. Ilot potassium 
hydroxide Is witln^it'action 0 .' it. ‘ It is,decomposed by chlorine with 
incandescence.- , 

Iron sliicide or Iron monosilicide, FeSi, is prepared by heating a 
mixture of copper,silicide and iron .filings in* an electric, furnace. The 
resulting product is treated c vitii 50 per cent, nitric acid to decompose 
any copper silicity;, and washed. * Obtained in, this, way, iron silicide* 
occurs as tetrahedral t rystyns, with a brilliant metallic lustre ; they are 
extremely hard, and have a density of (H7jd 15° C. Fluorine attacks 
them o.rdfnasy ^t emperatu res, whilst chlorine and hromjne decompose 
them at red hcatf Molten alkali'hyjlroxides attack the'filicide, as also 
do, fused mixtures-of the alkali nitrates and carbonates . 11 

■sbebedu, Bull. 'Soc.vkim., 10t>2, (3), 27 , 44. * . » 

I Puertlar and Tamntanb, Zeiter.k. anorg. Ckem., 1905, 47 , 103. 

* Jouve, Bull. -So* ckim., 190U’ (3), 25 , 290; t'ompt. rend.g 1902, 134 , 1577. 

• “Frilley, Revue iletinlurgie, 1911, 8 , 457. * 

‘Chalmot, J. Amer. Ckem. Soc., 1896, 17 ,- 023 ; 1899, 71 , 69; Lebsau, Compl. rend., 
,190b 132 , 681 . 4 r s 

• Chalmot, Uk. cit. » Naske, Ckem. Zeil., 1903. 27 , 487'. 

' Moissan, Compt. rend., 1895,-tai, 021. ■ vTgo4!rouj,'«4id., 1905, 141 , 828. 

k " Leboau, ibid.. 1900, 131 ,'683. 

II Lebeau, »Ad., 1899, aa 8 , 933; Gucrtlor and Tammann, idc. cit .: Vanzetti, GazzcUa. 

1906, 36 , i. *98. . . 
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Iron djsilicide, FeSiJ. — A substance containing iron and silicon in 
the’proportions ndeessaj-y to«thc forniufti»FeSi 2 is produced by heating 
iron in excess of silicon in an electric furnace. It occurs as small 
lustrous crystals. 1 • , ( ' 

Ferric sillcide,. trifenro disilicide, Fe s Si t , is obtained by heating a 
mixture of iron,filings,fcund, and.di|rcoal <n an dertne furnace. It i% 
white, crystalline, and of density* 6*36 ; only slightly magnetic. It is 
a good conductor of Flectyeity. Cold aqua regia slowly attaeks it>»; 
fusion with potassium Aitnjtetind sodium carbonate rapidly decomposes 
it. Hydrofluoric acid also breaks it up.* * , 

Ferrous orthosijicate, iron olivine^er Fayalite/Fe 2 SiQ 4 , occurs as 
tabular rhombs m iron slags, of which it is one of the commonest con- 
'sftituents. Its name is derived from Fayal Island (Azores), where it 
was first found, although probably«(jvcn that specimen was originally^ 
a lump of slag fjoin a ship’s ballast. Its crystal element^Sre :— 3 * 

* a : b : c =-0-4632 :,1 : 0-58Slp * * 

It is the most fusTbfc silicate present in slag, and melts at about 
1260° C. J When jieated in hydrogen, reduction begins at 225° V. • 
* Ferrous magnesium orthosilicate, (Fc, Mg)Si0 4 or Fe 2 Si0 4 f.iMg 2 Si0 4 , 
where .e ranges from tf to 12 , occurs as green rhombic crystals, usually 
small in size. It is presenf in slag, being the silicate of highest melting- 
point, naimjjv. about 1400° Natural olivines usually melt between 
1303° and 13/V # C. r ' • * 

The refractive index of olivine progressively increases with the ireyi 
content, and may be used as a criterion of the chemical composition of 
rojk sections." 

» Olivine readily decomposes upon exposure, yielding serpentine, 
Mg.,Si 2 0 7 .211,0. 

Ferrous metasilicate, FcSiO,, has been prepared by fusing the * 
calculated quantities of ferric oxide and silica at 1600° JJ. Density, 
3-44. It melts at 1500^-1550° C . 7 # # 

/The heat.of formation of ferrous* metasilicate m * t 

[Fcl'.Oj] f fSi0 2 ] = [FcSi() 3 J-t (C0 2 ^ —7600 calorics . 8 * 10 • 

[FcOJ KSiO,|—[FcSiOj] +5000 calorics * (0905 cRlories *). 

' • • • • 
ljoublc metasilicates of magnesium and iron occur as the minerals 
•hypff'sthcne and a§tlwpjitjllite (Mg, He).SiO„. A sodiufn ferrous meta¬ 
silicate, NaFc(Si0 3 ) 2 , occurs as dark browif nr gtcen prjsms in qlartz 
under the name of ocmite j>r agirite, ai*l a crystalline substance of 
similar composition has been prepared by Wcybergtry fujingp silicic 
acid, ferric hydroxide, and sodiuyy eftrbonate with qxeess of sodium 

1 Lebeau, (knnpt. rend., 1901, 132 , list ; de Chainlet, rimer. Choi. J., 18972 * 19 , 118; 
also de Chalmot, J. Amer. Chem. *Vcjp.2l895, 47 , 923.• * * * • 

■ 2 de Chalmot, loc. cil * - * • • 

' * G. O. Smith, Johns Monlcins Untv. Circulars, 1894^3, 82. t * 

* S 6 livauov, RevsSoc. Ruse§ MHall., 1915,JJ, 328. * * * 

B Cusack, Proc. Roy. Irish Acad., 1897, 0 ), 4, 399. • 

• * Backtund, Abstr. Chan. Roc., 1911, ii 616, from Trav. Music Qiol. Pierre le Gvini—a 
Acad* Set. Pctrograd, 1909, 3 . 77 . ‘ 5 * 

7 G. Stain, Zeilsch. army. Own?, 1907, 55 , 169. 

* Le ttbattilier, Conipt, rend., 1895, i2Cf923. 

* WologdineM'iid., 191%, 157 , 121. 

10 Weyberg, Centr. Min., 1906, p. 717. 

• • “ 
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chloride. The potassium analogue KFe(SiO a )$ has been prepared, 1 but 
does not apparently occur in mature. k 

Crystals of ferrous manganese metasilicate (Fe, Mn)Si0 3 , or iron 
rhodonite, have been obtained from Bessemer slags. They belong to 
the triclinic* system, and closely resemble crystals of the mineral. 2 • 

Ferric silicate, ' Several,silicates containing!ferric ir c on are known in 
'a natural state, chief among which arc Antkosiderite , 2Fe 2 0 3 .GSi0 4 . 
211./); Cronstedlite, 3FeO.Fe 2 0 3 .2Si0 2 .3H 2 0 ; Ilisingerite , 4Fc 2 0 3 .9Si0 2 . 
isH 2 0; and Nontronite, Fe 2 0 3 .3Si0 2 .5H 2 C. * A % : >dium ferric metasilicate 
occurs as Crociiwlites 2NaFe '(Si0 3 ) 2 .Fe"Si0 3 .Na 2 Si0 3 . 2 

Ferrbus fluoSilicate, FeSiF 0 .01I 2 O, has been prepared. It is iso- 
morphous vfith the corresponding salts of cobalt and nickel . 4 

’* ■ IRON AND BORON. 

h 

Iron sub-boride or diferro boride, Fc 2 B, is obtained 1>y heating 
reduced iron and borondn a porcelain t ube in, in atmosphere of hydrogen . 6 
It occurs as steel-grey prisms, of density 7-37 at 18° and is attacked 
r by dry air at dull red heat only, whilst moist, air readily attacks it at 
ordinary temperatures. It dissolves jn hot aqueous solutions of the 
mineral acids. 

Iron monoboride, Fell, is readily formed'by heating iron in a stream 
of vaporised borqn chloride. If also results when iron and boron are 
heated together in the electric furnace." Obtained in this way iron 
boride forms brilliant yellow-grey crystals, of density 7-15 at 18° C. 
Tt does not alter in dry air or oxygen, but moist air renters it ochreous. 
Chlorine and bromine attack it at red heat and, when heated in 
oxygen, it burns brilliantly. 

Bromine attacks it at red heat with incandescence ; chlorine is less 
• vigorous in its actiop, whilst iodine and hydrogen iodide have no action, 
even at 1 top" C. * The chlorate and nitrate of potassium do not affect 
it at their melting-points. Imt at higher temperatures decompose it 
wtUi’incjuidesccum;. ,Fused alkali hydroxides and carbonates decompose 
it rapidly. Concentrated sulphuric acid is without action in the cold, 
'but with r the boiling acid ferrous sulphate is produced. Dilute nitric 
acid dissolves it when hot, and thy concentrated acid acts vigorously. 
Dilute hydrochloric acid is,,without action, and the hot concentrated 
acid acts only slowly. r 

Iron dlborlde,' FcN 2 , has been prepared in a similar manner to* the 
sub-boride, and represents the maximum limit of combination of iron 
with boron* Jts density is 5; it. is slightly yellow in colour, hard, and 
friable: being readily oxidised by moist, air. 7 , 

* Other completes, such as Fc s Bj, Fc 3 B 4 , Fe 2 B 3 , have oeen prepared," 
but arc probable not all separate chemical “mities. 

<Fem,u8 chlorkorate, FeCI 2 .6FeQ.8B 2 O s> or FeCl 2 .0FeB a O 4 .2B 2 O 3 , is 

< 'V Niggli, Zcitich. anora. Chem., 1!U3, 8 *1 . 

1 Tacconi, Zfilsch. Kti/al. Jilin., 1914, S4, 392. 

a Sec Taohirwinaky, Cenlr. Min., 1907; p. 435. 

* llufet. Bull. Soe. Min., 1901. 24 , 118. 

du Jaaatmnfix, Compt. rend., 11H.7,. 545 , 121 . 

• .Moiaaarff ibid., 1895, 120 , 173. 
y 7 du Jaaaonneix, loe.. cii. 

8 J. Hoffmann, Chem. Afeik, 1910, 34 ,1349 
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obtained, passing tho> vapour of ferric ehioride over an intimate 
mixtilrfc of iron wire and calcium borate «l\pated to 880° C. The ferric 
chloride is reduced to Terrous, which immediately reacts with the 
calcilim borate. The mass, on cooling, is* extracted with water, any 
unattacked iron bping r<jmo!ed magnetically. Ferrous chlorborate 
yields greyish, transparent' cubes. It ts slovjly attackeiUby nitric acid ; 
fused alkalies rapidly decompose iti r •• • 1 

Ferrous bromhorater Folir 2 .GFe0.81l 2 0 3 or FeIJr 2 .0FeH a O 1 .2H li O 3 , is 
prepared by passing bri^nim* -vapour ovut an intimate mixture of iron* 
(in excess) and .boro-natro-dalcite, Na 2 U 1 0 7 .Ca 2 U (i 0i f .16ft.,0. It yields 
greyish white cubes and octahedral * < • * . 

1 Rousaeau and Allaire, Cow pt. rend., 1 893, 116 , 1195. 

2 Rtmsseau and Allaire, ibid., 1893, Ii6, 1445. 
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CHAPTER X. 

I •» 

‘ DETECTION AND ESTIMATION 6 f IRON. 

' 

Iron readily lends itself both to detection and estimation . 1 In this 
chapter tlv : more important mdihods of detecting and estimating iron 
in its compt>und% are discussed. For methods of analysing steels and 
other alloys the readpl is referred to Part JII. of this volume. 

t * 

Detection of Iron. 

Dry Tests. Iron salts, when moistened with hydrochloric acid and 
heated on a loop of platinum wire in a lhmsen flame, emit a shower of 
sparks. When heated on charcoal with sodium carbonate in the blow-, 
pipe %mc, the f-ompouml is converted int,o a dark-coloured residue. If 
potassium cyanide is added ty, the sodium carbonate and iron com- 
. pound, and the whole heated on charcoal in the iiyier flame of the 
blow-pipe, metallic iron is obtained as a grey, magnetic powder. 

If a little of the iron compound is heated with borax on platiiium 
wire in the outer blow-pipe flame, on cooling, a yellow transparent bead 
is obtained, which becomes bottle-green upon heating in the inner or 
reducing,, flame .->f the blow-pipe, in consequence of redyction to the 
ferrous condition . 2 

• «, Wet Tests.- The presence of iron in solut idu may readily be detected 
by a ‘considerable’number 'of sensitive reactions. Thus ferrous'iron 
gives a greed precipitate of ferrous hydroxide upon addition of excess of 
ammonium hydroxide. With potassium /erricyanide and a trace of 
acid; a deep bkie prccipitliU—Turnbull’s blue—is tibtained. With 
potassium ferrpeyanidc af white precipitate is obtained in the'entire 
absence of any'ferjje salt. Fcriie iron, on the other hand, is usually 
characterised by its deep yellow or brown colour. Addition of concen¬ 
trated hydrochloric acid deepens the coloilr. With excess of ammonium 
hydKixvlc, brown flocculent ferric hydroxide is ‘ pntipitated. With,, 
potassium ferrojyanidc solution, *a deep blue colour is< obtained in acid 
solution, whilst with potassium fcrricyafii(Je‘there is no action. Potas¬ 
sium ‘thiocysAiKt# gives <tn acid solution: 3 dsep red colour, which is not 
destroyed by hettf. * Salicylic acid gives, a violet colour, provided no fre’ev 
njineral acidqj pypsent. / ( 1 

. It ismsual, in systematic qualitative analysis, to remove silver, lead,*, 

* 1 As this M not a text-book of'analysis. tho various methods of qualitative and quan¬ 
titative analysis are not viisqussed in experimental ^details Reference*, however, are 
appended, so that ^he student dbsirous of att.impting &y of the methods tfiay %now where 
to seek for d| tails. <■ « 

* The grefcn colour bf ordinary bottlo^lass is due to the presence, of ferroua iron. 

< ‘ 242 * • 
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and ^ne»cmry from the Soliition to be analysed, by precipitation as 
chlorides on additibn o£ hydrochloric acid. The metals capable of 
precipitation as sulphides with hydrogen sulphide in acid solution are 
nexf removed, and the filtratq, Wiled to eftpcl uiy dissolved hydrogen 
sulphide, is treated.with .ammonium chloride and excess of ammonium 
hydroxide. In the ubsctice of pliiyspljitcs, the precipitate may contain ( 
the hydroxides of i«nf, aluminiuift, *aiul chromium. The presence of 
iron is evidenced by fjie lujiwn colour, if tlie metal is iif the ferric^ 
‘ condition. In any case.•tin; pihcipitute is treated with’sudium peroxide 
and water, w'hAcby. any aluminium is dissolved as‘sodium nlnjniimte, 
any chromium as sjdiuni chromate, t^« iron, rcmiilning iys insoluble 
_ ferric hydroxide. If desited, a confirmatory test may ])e applied. 
Fbi*examplc, the precipitate may he dissolved in h ydro chloric acid and 
potassium ferrocyatiide added. The •Jjaraeteristie, nft colour indicates < 

iK,n - • 9 • * 

' If a phosphate was present, the precipitate obtnmcd on addition of 
ammonium eldoride ,aq<l hydroxide nufy contaiW phosphates of such 
metals as calcium, etc., which ftre normally precipitated in later groups 
in systematic analysis. The precipitate is therefore dissolved in dilute 
hydrochloric acid, •and the "solution nearly neutralised with sodium 
carbonate. Sodium acetate,its now added, and the whole boiled. The 
precipitate contains tin: phosphates of aluminium, chromium, ami iron, 
‘and is treated, ^"already indicated, with sodium peroxide and water. 

’ Estimation of Iron. . 

Gravimetric hlethods.- If the iron is already in solution, It is first 
oxiiKsed to the ferric condition and precipitated as ferric hydroxide hv 
addition 3>f ammonia to the boiling solution. Tire precipitate is well 
washed, dried in an ©veil, ignited in a crucible, and weighed as anhydrous 
ferric oxide, /Y• • 

If the iron is not already in solution, the solid to he analysed is digested 
with,hydroehlorie acid, <Jt aqua regia, or is brought, ith^ a soluble non* 
dition by fusioti with potas.siuniVarbonutcfir Itydrogcn sulphate. * Silica 
is filtered off, any copper, lead, etc., precipitated with hydtogen sulphide, ' 
and the iron oxidised to theferric condition with nitric grid. Addition 
of ammonium chloride and hydroxifle precipitates the iron, wliifth is 
’ filtered off and weighed as Fe 2 O r If aluminium unci chromium are 
lflcely»to he present,•thest are first reifioved, jps in yuatitative analysis, 
by adding sodium peroxide to the preci]jjtufed hydroxide, prior'to 
ignition. After washing awify any sodium aluininate and chromate, 

,the pure ferric lfjidrftxide ifjigifited, as thready indicated. * •’ *" 

If manganese* was originally prcsMt, some of it wilj precipitate out 
with the iron,*and he weighedlis Mn 3 0 4 along ‘tit 1* the tfe 2 0 :r it is 
desired to remove the mangaiic.te, the liydihxiSes, priur 3d ignition, are 
dissolved in a minimum quantity of hydrochloric acid? and ammonium 
carbonate added, t under’constant agitation, uatil t.hg pjpeipitate flr|t 
, formed just re-dissolves, leaving thejifyjid slightly opalescent.* Acetrc 
” acid and ammonium acetate are now added, the solution boiled for p 
few mhmenty, filtered hot, and the precipitate, consisting of basic ferric 
acetate, washed twice with killing vyitcr. Tho* filtrate wjll be colourless, 

* if the operations have»been successfully carried out^ and detains the 
bulk of ttye manganese as ^cetate. A small quantity of manganese, 
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however, will still be entangled in the precipitate, which latte* is there¬ 
fore re-dissolved in acid and precipitated a second' time in a precisely 
similar maimer, washed,yind ignited to Fe 2 0 3 . , 

' “ Cupferrnn ” or amino Aitroso phenyj hydroxyAamine 1 may be used 

for the direct precipitation of iron in acid solution, in the presence of 
aluminium, chromium, cohalt, nft-kej, and zinrt Copper is precipitated 
along with the iron, but is easily ‘removed afterwards by treatment 
, with ainmbniu, in which it is t soluble. , 

The precipitating solutiort is made*by, dissolving 6 grams of the 
amino /lerivatiyc hi 100 grams of water, and may be kept for a week 
if protected from the light- * Jie solution eontainiu^^ie irdh is acidified 
with concentrated hydrochloric acid and the reagfmt added until n^ , 
further precipitation of iron takes place. The precipitate, which‘ is 
reddish brown in colour, is allov^«l to settle, washed with twiec-normal 
hydroohlode acid, then with water, ammonia, and wjter iij succession, 
and finally ignited to Fc 2 0 3 . 

a -nitroso fi-naphthol is a convenient rimgent, fyr precipitating iron, 2 
particularly if aluminium is present, siilce this latter metal is not pre¬ 
cipitated by the naphthol. 3 The naphthol solution^should be made up 
fresh once a month, as it is rather unstable. For this purpose 4 grams 
of the solid are dissolved in 150 e.e. of edjj glacial acetic acid, and the 
solution subsequently diluted with an equal quantity of water. The iron 
should be present in solution as chloride or sulphate, iftyl way be in'any* 
state of oxidation -not necessarily all as‘ferric or aJJ as ferrous metai. 
.The slightly acid solution is mixed with an equal volume of 50 per cent, 
acetic acid, and an excess of the /3-naphthol added. lifter G to 8 hours 
the solution is filtered, the precipitate, 4 washed first with cold 5% per 
cent, acetic acid and then with water, dried, and ignited, being weighed 
as Fe»O s . , 

Volumetric rqethods are largely employed for the rapid estimation of 
iron in solution. As a rule, the iron must be present ?h the ferrous 
jjoqdition, and any ferric iron must first be seduced, the reagents em¬ 
ployed varyiufWhomcwhat with t'hc method of Nitration. If botft the 
ferrous anil fefric contents of a solution arc required, the ferrous iron 
is first*determined by titration, then the whole is reduced, and the total 
iron/letermineH... Subtraction gives the artiount of ferric iron originally 
present. i . 

Bichromate ‘Method . 6 —The inpn is reduced with stannous chloride 
or/.iodium sulphit e,* and the solution acidified, preferably with sulphuric 
acid. 7 Potassium bichrontate solution is now added from a burette 
unti^a.spft «f Jjhc mixture removed on the tip of aglas# rod fails to give' 
% blue coloration when mixed Aith a drop of freshly prepared potassium* 
ferricyanide solution oij-a white, glazed earthenware tile. The whole of 

^ • I . ^ 

• 1 BiTldisch, bleill. Zzit., ltoG, 33 , 1298 ; 19fl,*J5, $13 ; Baudisch and King, J. lnd. 

E*g. Chem ., 1911,3,<tf2T. /' . • 

* Ilinski and ton Rnorre, far., 1885, 18 , 27*8. « 

1 * Meim»ke, zktsen. angew. Chem., 1*^8, p. 252. • * 

* 4 The rerric precipitate i<4a voluminous black mas% of Fe(C 10 H e O.NO),; the ferrous 
*alt, Fe(C,JLO.NO) a , is green. • 

6 Sec p. 82; also Penqy, Chem. Qaz., 1850, 8.330; Schabur, SUzuMsbtr. K. Akad.' 

WiM. Wien , 1851, 6 , 1851.; tfpasler, ZeiUcA anaLV&n., 1*72, n, 249. 4 # 

* * The reductioft may afeo be effected witn zinc in dilute sulphuric acid; but it does not* 

give suoh a Sear end-point, owing to formation of zinc ferricyanide with the indicator. 

7 A sharper efid-point is obtained than with eroes% of hydrochloric acid* # 
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the iiPQ ha»Jthen been oxidised, to the ferric state in accordance with the 
' equation:— * , * • • 

6F«S0 4 +K a Cr a 0 7 -fV7H a S0 4 =8F« a (S0 4 ) s -fJf a S0 4 -J-Cr a (S0 4 ) 3 +7H a O. . 

In the absence of acid; fhe results obtained are tcsi high, the amount 
of diehromate reifuired td eompletwtigi reaction incjeasfng with dilution , 
of the ferrous,salt.* \Vith dry ferrous sulphate the result closely 
, approaches the theoretical. 1 • , . / • 

Permanganate it/elAorf.—The iron is conveniently reduced with zinc 
or magnesium in tht; presence of dilute .sulphuric aei<^ A hlanjc ex-’ 
periment should'be carried out with thg'zinc or magnesium alone, in 
• •rdqj’ that a correction may 1 h- applied in the event of traces of iron 
being present as impurity in the metal, and for any carbon which is 
also liable to affect the titration by glueing a portion of the perman- * 
ganate.* No sptcial indicator is required by this met l>8d, for the 
permanganate is added to the solution^ acidiliejl wfth sulphuric acid 
until a*faint pink colour persists, indicating Unit the permanganate 
is now present in slight excess, having oxidised all the iron. Thus 
{seep. 82):— * 

' 10FeSO 4 +2KMnO 4 +8H a SO 4 =-5Fe. ii (.SO 4 )., + K a S() 1 +2MuSO 4 H-8II a O. 

. The end-point is unstable in the presence of lluoridcs, but satisfactory 
results can, fn these eireunnjtanees, lie obtained by ifddition qf fairly 
concentrated sulphuric or boric acid solutions.' 1 

Hydrochloric # aeid also renders the estimation unreliable unless 
special precautions arc taken, the amount of permangaiaite liked being 
tog*great. This has been attributed to the intermediate formation of 
a higher chloride of manganese during the reduction of the permanganate, 
which only relatively slowly oxidises the ferrous iron to tin; ferric 
condition according to the equation • • 

MnClo ., a ) 4- .iFetl,.." i Fet'f, + Mnt'l a 

until equilibrium is established.* Consequ<*ht!y. if tftcTitration isAarried 
out rapidly, more permanganate is added than is theorertetilly necessary « 
before the ferrous iron is completely oxidised, and tjie pirflf colour 
indicative of the’end-point appears. ’An excess of thediigher manganese 
diloritle remains in solution. * , 

Addition of matiganbus sulphate* phosphoric .acM. and of other 
substances to the liquid to be titrated has been found to reduce the 
. error. 6 * . 

. Stannous chttwdSis oft<;n a*convenient reagent to une'as it* enables 
a determination to be made of the quantity of ferric iron, in the presence 
♦ * •• 

1 Neidle andVitt, J. Amer.’Chftn. jjloc., IBIS, 37■*# * 

. 1 Mackintosh, Client . News, Is si; 50, 7,5. * * • , 

• * Bamebey, J. Amer. Chem. Hoc., 1016, 37, 1481. ’4 • 

* Friend, Trans. Chan. Sdt., 1909, 95, 1228. Sim als« HkrabaJ, Ztihch. anal. Ohm., * 
1003, 42, 373 ; Harrison and itrkin, Analyst, 9(008, 33, 43; llireh, 4'hem. j/euss, 19p9, ’ 

' 9<k 61; Buchanan, Proc. Roy. Sec. Edin., Ill *191. •* 

» Sms Kessler, Annalen, 1861, 118, 48 ; Zeitsch. a/al. Chan,, 1863, I, J29 ; Zimmer •« 
mann, Ber., 1081, 14, 779 j HaiHTe.^IAem. Zeit., 1897, 21, 1014 ; Willems, Chan. Zenlr., 
1899, L, 638 ; faster and Frevertfetmcr. (jy.m. J., 1903,34*109 ; Harrison and I’erkiq, 
•loc.cil.-, Birch, lac. cit .; ft-iend, toe. cit .; A. Muller, Stahl and Eilen, 1906, 26, 1477 ; 
Jones and Jeffery, Analyst, 1909, 34, 306; Hcpgb, J. Amer. Ctero. Sue., 49 If I, 32, 639; 
Bamebey, Jt Amer. Chan. Hoc., 1014, 36, 1429; Brandt, Chen t. Zeit., 4918, 42, 433, 460. 
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of ferrous. The reaction hinges on the fad that stannous” chloride 
reduces ferric chloride to the'dblourless fArous. salt.' Thus :— 

• 2Fetfl 3 -f SnCl 2 —2FeCl 2 -fSnCl*. 

( < ' • , 
Concentrated hydrochloric acid is added to the iron' solution, the whole 

, raised to boiling an^i quickly titfatad with sthnnous chloride solution 
until the solution become* colourless. ‘ " 

« To determine the total iron content,, thasolution is first oxidised with 
potassium chlorate, and the ferric iron solution thus" obtained titrated 
As about-. The, difference between two such determinations gives the 
amount of ferrous'iron. , ‘ ( «- * 

In orden that the results should be accurate, especial care must {>%.. 
taken to ensure uniformity of conditions. 1 
* Colorimetric Tests.—A sensifi/e test for iron consists in adding a 
small quanhfy of hydrazine sulphate to a dilute solution of the iron 
salt to reduce it fo tljc ferrous condition. Ammonia is now added in 
excess, and an alcoholic solution of dimethyl glyqximc. 2 The solfition is 
heated to boiling,* und then cooled* A' l'aint but detectable rose-red 
coloration is obtained in the presence of 1 part of in*>n per 100,000,000, 
parts of solution. 3 * * 

This method may be applied in the gravimetric estimation of iron. 
Iron may be detected also by the yellow coloration produced in con¬ 
centrated hydrochloric acid, 1 part of iron per 100,000 tying observable. * 
The colour varies with the concentration of the acid, the maximum 
intensity occurring with 28 per cent, acid. 4 * 

Iron ivr natural waters is frequently estimated cdlorimetrically by 
means of the red colour produced by ferric salts with potassium thio¬ 
cyanate. 6 Tile iron is best oxidised with nitric acid, as the results 
appear to be more trustworthy than when oxidation is effected with 
hydroehlqric acid “and potassium chlorate. 6 One part of iron in 
1,600,000 pfcrts of solution may be detected in this manner.' 

, A delicate reaction for ferrous iron consists in adding a solutiqp of 
sodium* phosplffPtuftgstate, acidified with hydrochloric* acid, to "the 
. solution suspected of containing a ferrous salt. The whole is rendered 
alkaline with caustic soda, when a blue coloration is produced if a ferrous 
salt iapresent. 8 * This reaction is mfirc delicate than that with potassium 
ferricyanide. I , 

Colorimetric methods are often uncertain in tho presence of c«ppef 
saltis, but an,accurate method has been worked out, 9 whereby 0-00002 

1 l{or details the reader is referred to text-books,of analysis. , See*for example, Scott, 
Standard Methods oJ'Chemical Analysis, .2nd edition (Nciv York, 191k), p. 221. * 

* 1 Conveniently p^ppared by dissolving lb grams of the solid in a*litre of 98 per cent, 
•alcohol. t *-' * # , 

8 Ts&hugaev and Orelkin, J% Rues, Phys. Che%. Soc. % ‘l9l4, 46 , 1874; Zeitsch. anorg. 
Chftn., 19l4, 89 , 401. 

4 HOttner, Zeitsch. anorg. Chim., 1914, 86 , 341» • 

‘ Proposed by dlernfiath, JA'hem. Soc., 1863, 5 , 27. Scfl also Ja^willy, Bull. Soc. chim., 

' 191,3, (4), Xg, 34 ; ‘flayer, Mon. Sci., llftf. 3 , i. 81 ; Chem. Zeit., 1912, 36 , 562; Lunge* 
Zeitsch. angew. Chem., 189(1, p.^ ; Schulze, bhem. Zeit.. 1693, 17 , 2 ; Zega, ibid., p. 1564; 
"tydao this volun*\ p. 236. \ * 

• Gothe, Zeitsch. Nahr. Cknussm., 1914, 27 , 076. ♦ t • • 

* 7 Wagner, Zeitsch. anal.%Ch«m., 1881, 2 (% 349. Cfmparo E. E. Smith (ibid., 1880, 
19 ,350), who states *1 part in 8,000,000. 4* • 

• Riohaud Knd Bidot! J. Pharm. Chimf 1909, (0), 29 , 230. 

• Gregory, Traks. Chem. Soc., 1908, 93 , 93. • 

4 t 
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gram <jf nryp can be detected in the presence of 0-2 gram of copper. 
The piethod hinged on tjie viftlet colour*produced when salicylic acid 
dissolved in acetic acid is added to ferric chloride in the presenee of 
excess of sodium aedtate. Unded these*cofiditi ms the depth of colouf 
is proportional to the amount of iron present.* The blue or green colour 
of the copper, which might mask ike *red produced Tby» flic iron, is first 
removed, where neotstary) by addition of ^lilute potassium cyanide * 
solution. \ , ‘ , 

The red colouu prodwed.by* ferric iron with acctvl Undone is recom¬ 
mended as the basis of a useful method of cslimatiitg the mctaj eolori* 
metrically,? • . •,*.'•* 

% In acid solution fcrrdUs iron gives an intense blue colour with 
potassium ferricyanido — the so-called Turnbull’s blue (see p. 227). 
The intensity of the colour is so great that one part of iron in 500,000• 
parts of sobitioifccan be detected. 2 • 

Iron may also be determined electrolytically. 2 

* • • * ‘ ’* 

1 Pulaifer, J. Amer. Chem. Hoc., 1904, 26 , 907. 

2 Wagner, Zcitsch. anal, ('hem , 1881, 20 , 919. 

3 See (JIasseA Her., 1884, 17 / 2 107. See also tins volume, j>p. 91 -90. 

• • • 
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- — diiseclation pressure, 118. ' 
-— hydrated, 121. 
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Fibroferrite, 25, 31, 161. 
Fluofarrates, 89. 
FluofOTiites, 87. 


AND ITS COMPOUNDS.^ 

Haematite,’fled, 16,18; 115., r j 
Hair %*lt, 157. # 

Halotrichitei 25, 31, 157. 
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— nitroso ferricyanide, 228., 
Hydrogoethite, 19, 31, 121. 
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- colloidal, 63. 4 

• corrosion, Chapter TV. 

- - crystals, 37. 

- density, 38. 8 

- detection, 242. 
di-antimonede, 103. 
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<in« fflajootrMde, IMS, 
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Kertsohenite, 26 • 

Khaghal, 25. 

Kidney ore, 16, 31 
Kibdelophane, It, 31. 

Ko*inckite, 27, 31, 186. 
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Mii’uceous irdlf (He, W, 32. % 

Mmernrfogv of iron, yhapter If. 

Minette, 19, 32. * 

Mispickel, 24, 32. 190 
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J Miiqjic, %1, 32. • 
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.! — fejjHw, 13(k » 
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! — nitrofirusside, 23 % 
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OOTIBBSHITE, U, 32. 

Ocolusion of gases, 43. 

Ochre, 18, 32, 115. 

Olivine, 28, 32. 

• Onegite, 19, 32. 

Ore, definition, 9. 

Oxybromides, 107. 

Oxychloridea, 104. 

(Jxysulphides, 145. 

** 

PJOITB, 24, 32, 190. 
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allotropic theory, 69. 

— cause of, 67-64). 

— gasoous film theory, 58 
-* oxide theory, 57. 

— physical thooifes, 58. 

— testing for, 56. g * 
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Pentabromferrates, 103. 
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Perchlorates, 103. 

Perferrates, 131. 

Per-iodates, 108. 

Pharmaoosiderite, 27, 3j^ 193. 
Phoaphosiddrite, 27, 32. 

Photochemical oxidation, 83. < 

— seduction, 84. 

Pig iron production, 7, 8. 

Pinguite, 29, 32. 

Pisanite, 25, 32, 147. 

Pistomesite, 21, 32. 

Planoforrit^, 20, 3*^161. 

. # Platinif crons chroimR s. 

Plumboferrjite,^20j 32. 

• Potassium aluminium ferrocyankle. 218. 

— a*uo ferrio/^Jiido, 235. 

•—,— forroc^amde, 2ff>. * 

barium forrocyanidj, 218. 

— calcium fejyocyanide, 219. 

— carbonyl ferrocyani^e, 233. 

1 — cerium krrocyanide, 240. 

— otipriferrocyanide, 211. 

— ouproferrocyanide, 2fy. 

— ferri chromate, 172. 

-sulphide, 130? 

— ferrioyanide, 222. 

— fem-dilulfAate, 142. 

— ferri-dilulphite, 146. 

— ferri-fluoride, 89.^./ • 

—- fsrri-suiphite, wt.* 

— ferrDtetras\jlphito,«W0. 

A— ferroovanide, 212. t • 

-s ferrS-ainftroso sulphide, 181. 

—*— thiosulphate, 181. • • 

ferro-heptatitrosoWilplmle, 17$, 

# — ferrous carbonate, 201. 

* -feupriferrooyanidef 211. 

*— 4- eelenate, 170. 

-«* sulphate, 166. * 

— iron atyto. 10i?* 105. 
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Potassium n^rcuric fejrroo/an^e. JfHj 

— nitu)pruB«ide, 23R 

— pentachlofferrate, 10 

— perferrate, 131, •* ; \ 

sulphite ferrooyjhnlde, 235« 

— tetrf ohlorfprrite, J*4. 

— triohlorffrilte, 94. 

zinc ferrochmide, 22t). * 

Prussian I8ue. f 226f 

— — eomracFctal preparation, 227. 

--4- ijidbluole, 226. • 

-Boluhle, 225 jV • 

Puddle ore, 16, 32. ; 

Pywite, 21, 32. 

Pyrites, 21,*32. f 

— arsenical, 24, 30, 190. 

— cobalt nickel, 23, 30. 
i — cockscomb, 23, 30. 

— copper, 23, 30. i 

— explosive, 22. 

— magnetic, 23, 31, 135. 

— radialfcd, 13^ « 
spear, 23, 32. 

— white iron, 22, 33. # 

Pymphoqc iron, 63. • 

Pyrrhosiderito, 19. 

Pyrrhotitef 23, 135, 143. 

Qtjenstedtite, 25. 32. # 

• i 

Radiated pyrites, 138. t 
Rocalescenee, 41. % 

Red fossil ore, 17, 32. 

— haematite, 10, 18, 32, 115. 

— ochre, 17, 18, 32. , 

— prussiate of potash, 222. 

Rhabdito, 26, 32, 183.« 

Rinneite, 29, 32. 

Roemerite, 26, 32, 165. « 

Rubidium ferro-heptanitroso sulphide, 18! 

ferrous selcfiate^ 170. 

— ferrous sulphate. 155, 156s 

— iron alum, 163-16&. 

•“ pentabromferrate, 106. 

— pentachjorferrate, 102. 

— tetraohlorferrite, 94. * 

— trichlorferrite, 94. 

Rubinglimmer,*19, 3^ 

Rubio ores, 19. 

Ruddle, 16, 32. 

Rust, oonfposition of, 76. 

Rusting?. See Corrosion^ • 

•/ * | 

<RalvADMITS, 25. 

r SammA-blenie, 19, 32. 

ScorodKeJ27so2, 192. 

Senaite, 32. 

SerpeiAine, 33. $• 
a Shining ore, IB, 32. • 

Siderazote, 29, 32, 173. 

Siderite, 20, 9C, 200. 

Siderochrorae, 13, 32. 

Sideropte*te«21, 3«. 

S%nna, 18, 3?. ** 

Silicides, 23fc, 





'’SUBJECT INDHftc. 

“ IPK ' : - ■ 

^rfocyalide, 219. \* 

Sfmpleaite, 192. • 

Snd$h oj», 18,32. 

Soamm ammonio ferrotfyanide, 23-1. 
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— aqift) ferricyanidfe, ^36. 

-ferrocyanide^ 235. 7 ' 

—- darbonyl ferrocyanide, 24 

— oupriferrooyanide, 2 1 

•— ouproferrocyAiido, 210. • 

— ferric.stdphide, 136. 

— ferricyanide, 224* 0 mm • 

—- ferri di-orthophoapUate. 186. 

-- disi^phite, 146. - 

■— — metaphoapnate, lap. • 

<■»—pyropfcpsp’hate, 188. 

-thiocyimate, 237. 

-triortho|P^8phate. 187. 

-trisulphat^ 162. 1 

— ferrite, 130. 

•— feyocyanidc, 219. 

— ferro-dinitroso sulpl*de % 181. t 
-thiosulphate, 182. 

— ferro-hept-anit ro»^ sulphide, I st 

— ferro-metaphospluftc, 189. • 

— ferro-pyrophoaphate, 189. • 

— ferrets metasilicate, 239. • 

— hydrogen ferri-tetrasulplule. Mo. 

— nitrite ptntacynnoferrite. 234. 

— nitroprus8ido,%28 • 

— perferrate, 132.# 

Soueaite, 11, 32. * 

Spathic iron ore, 20, 32. 2«H» 

Spear pyrites, 23. 32. 
specific Jjeat, 39. 

Spectrum, arc, II. 

— spark, 41. • 

Specular iron, 16.32, 115. 

Sphroro -aide rite, 21, 32. 

Spitting, 44. 

Steam on iron, 48 
Sleel production, 8. 

Stone age, 1. • 

Stone 01 the Incas 21. 

Strengite, 27, 32, 185. « 

Strontium, carbftiyl fcrrucyannle. -34 

—oupriferrooyanide, 211. 

— ouproferrocyanido# 210. • 

— Terratc, 131. 

— ferrioyanide, 224. 

— perferrate, 132. 

Stflphuryl ©hlorkhpoiArmi. 50. 


TvRWITK, 11, 

Tamanite, 26. ^ 
Tauriacite, 33, 148. 


•S 


Tempering colours, 47. 

Tetri bromf creates, 106. 
Te#richlorferrates. 102. 
Tutrachlogferrites, 93. 
'iPtrtfferro it > bide. 19S. 
41'halloua for loyanide, 224. 

— f<4rrifluonde? 89. • 

— fejpneyan^c, 22o. 

— penteciilorferrale, 103. 
Thionyl chloride on iron, 06. 
Tlfunderholts, 22. • 

Titanic iron ore, -14. m 
Townnite, 137. * 

Trichlorfenites, 94. • 

'rfiforrie fetro.\ide, 112 

1 Tnfeiro carbide, 195 # 

j — diantimouido, 194. 

•| - phosphide. 182. 

• - sihcide, 22fS. 0 

\ - tot ra phosphide, 183.^ 

liripliohplint^, 189 
, Triphvlhte, 26, 33 
i Triple iiitides, 175 
: Tnpuhvte, 28, 33. 

IVoilite. 23, 33, 132 
; Turgitc. 17. 33, 121 
1 Turnbull's blue, 223, 226. 

- insoluble. 227 
Twenty iii(*li sea22 


0 I'lUlKV m.i.itk, 15 . 33 
: Urn he 1 , 18. 33 
(h’AiivI enrhiuiyl It 


< ytinado, 234. 


\ i>.\ i/i'J \ n red, 115. 

Vivmnite, 26, 33. 184. 

V'ollaite, 106). # 

Vi-lumet nejn^Kmil uG.zw. 

^ , * . 

VV 111 T 1 . mm pyrites, 22,93. 
Williamson’s violet, 225, 2^t)w • 

Wolframite, “,Tl3. • » 

Woodiion ore, 18, 


i jjteniUTK^O, 33, ill. 


X-IN Tilt 


Yicntnw pniHsittte of potash, 212, 
Yuk unite, 27. 33,^93. 

• l 

/iNt^fori% yani(le, 225.* 

-- fernfluoritle, 90. # 

- ferrite, 130. * *, * 

* - ferrocyanide, 22a). 

- ferrous sulphate* i56- 


k — potasSn&i ferrocy§m«£, 22 
P — tulpbSte? 148^ *• * 

I Zincjfb, 14, 3*. 9 
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